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Though this study I have systematically investigated a new class of synthetic ion 
channels with tunable interior properties. These channels consist of circular 
aromatic γ-peptides attached to a linear rigid scaffold. 
 
In Chapter 1, the current state-of-art on the research of synthetic ion channels 
were discussed. Previous works on H-bonded macrocyclic aromatic pentamers 
were also summarized. Compared with the works reported by other groups, our 
synthetic ion channels possess unique advantages as outlined below:  
(1) A channel height of ~ 35 Å from the top to the bottom. 
 (2)A H-bonding-rigidified linear scaffold able to support three vertically aligned 
ion-transporting circular units. 
 (3) Tunable interior properties for fine-tuningion-binding specificity, channel 
cavity and interior hydrophobicity 
 (4) An easily modifiable outer surface. 
 
In chapter 2, the experimental procedures of synthetic ion channel molecules are 
described in details that consist of 57 steps of synthesis. These experimental steps 
enable a final construction of a channel molecule with a molecular formula of 




C273H371N35O51 originating from very simple starting chemical materials such as 
acetaldehyde. 
 
In chapter 3, ion-transporting results of ion channels by using LUVs were 
discussed. We found that the transport of proton was a very fast process and 
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                            Chapter 1 
        
                Introduction 
 
1.1 Background 
1.1.1 Ion Channels and Natural Ion Channels 
Ion channels are pore-forming proteins. The functions of these proteins include but 
are not limited to: establishing a resting membrane potential, then shaping action 
potentials and some other signals by gating the ions flow across the cell membrane, 
controlling the ions flow across secretory and epithelial cells, and regulating the cell 
volume.  
 
Ion channels are almost present in the membranes of all kinds of cells. Ion channels 
are considered as one of the two traditional ionophoric proteins, and the other class 
known as ion transporters. 
 
Based on their origins, ion channels can be ascribed into two groups: natural and 
synthetic ion channel. Due to the high selectivity and conductivity, natural ion 
channels attract increasing attention which inspires enormous effort in this field. In 
the past decade, many research groups have focused on mimicking natural occurring 
ion channels by the use of small molecules with much simpler chemical structure to 




There are two prominent features for synthetic ion channels. Firstly
1, 2
, it possess an 
average thickness ranging from 25 Å to 50 Å in order to span the bilayer membrane. 
Secondly, it consists of amphiphilicchannel molecules. In particular, many artificial 
channels are formed by simple and repetitive building blocks. 
 
1.1.2 Synthetic ion Channels 
Synthetic ion channels are de novo chemical compounds which can form pores to 
insert into lipid bilayers and allow ions to flow from one side to the other. Therefore,
 
in most cases synthetic ion channels are man-made analogues of natural ion channels, 
also known as artificial ion channels. Structurally, synthetic ion channels, like natural 
channels, are usually characterized by a combination of single-molecule (e.g., 
voltage-clamp of planar bilayers) and ensemble techniques (flux in vesicles). The 
study of synthetic ion channels can potentially lead to new single-molecule sensing 
technologies as well as new therapeutics. For example, Bacterial resistance to 
virtually all the currently available antibiotics is becoming a global health threat. A 
powerful solution to these drug-resistant infectious diseases is looking on the 
permeabilization of bacterial cell membranes, which may hold promising potential in 
developing the next generation of drugs. 
 
 In our study, hydrogen-bonding interactions are utilized to lock a favorable 
conformation in our designer ion channels. They potentially should allow (1) the 
  
3 
selective transportation of wide-ranging ions, water and small molecules across cell 
membrane and (2) the preferential killing of bacterial cells over mammalian ones. The 
major goal of this rotation project is to synthesize some circular -peptides and if time 
allowed, to evaluate their ion-binding properties experimentally. 
 
Besides, the cavity size and the chemical and physical characters of interior surface, 
which may play an important role in the selectivity of the channel, are hard to control. 
So we will develop a new synthetic ion channel for this purpose. 
 
1.2 Literature review 
 
In this section, we will review the previous work about synthetic ion channels. 
 
1.2.1 Cyclodextrin derivative ion channel 
 
In the early 80s of last century, most of work in this field is primarily focused on the 
rational design of peptide foldamers with ion channel activity and the barrel-stave 
model for ion channels formed by macrolide antibiotics like amphotericin B. The first 
synthetic ion channel, a cyclodextrin derivative, has been reported in 1982 by the 
group of Tabushi
3
. Since then, synthetic ion channel-related research has become an 
active field. Considerable effort has been made in this field such as various ion 
channels have been synthesized
4-10
. Based on their configuration principles, synthetic 
ion channels can be classified into several groups: peptidic or non-peptidic, α-helical 




1.2.2 Channels of Gokel’s group 
 
Figure 1.1. Gokel’s Mode 
 
The ion channels synthesized by Gokel’s group adopt the unimolecular model11, 12. A 
general structure is taken on: sidearm-crown-spacer-crown-spacer-crown-sidearm. In 
this model, the crown plays both a role of the polar head and the portal of the ions. In 
the process of ion transporting, crown is able to select the ions. The crown in the 
middle may reduce the energy loss when the ions pass through the hydrophobic areas.  
 
1.2.3 Ghadiri’s Model 
 
Figure 1.2. Ghadiri’s Model 
  
5 
Ghadiri synthesized a self-assembly ion channel which consists of cyclic peptide
13-15
, 
according to a principle suggested by De Santis in 1974
16
. Every ring of the cyclic 
peptide is composed of D- and L-amino acids which were alternately linked to each 
other. The cyclic peptides stack through an extensive anti-parallel β-sheetlike 
hydrogen-bonding network then a tubular ion channel is formed. The conduction rate 
can go up to 10
7
 ions per second. Considering this ion channel is formed by the 
self-assembly of cyclic peptides, it is easy to change the character of exterior surface  
and the diameter of interior cavity simply by choosing proper amino acid side chain 
and altering the number of the amino acids consisting the cyclic peptide. In addition, 
this kind of structure can adjust to any membrane thickness.  
 
1.2.4 Matale’s rigid-rod synthetic ion channel  
Matile’s group synthesized a unique assembly of rigid-rod molecules 17-19. Based on a 
rigid oligophenylene assembly backbone, the channel is synthesized by mimicking the 
structure of the macrolide antibiotic amphotericin B. The functions of the ion 
channels diverse contribute to different side chains linked to the backbone or varied 
ways of assembly. In order to increase the proton transport across lipid bilayer 
membranes, rigid-rod polyol was designed (Channel 1). In order to selectively 
transport potassium across lipid bilayer membranes, ligand-induced assembly of 
p-septiphenyls was designed (Channel 2). The electron-deficient rigid-rod π-stack 
architecture of ion channel 3 was designed to open in response to charge transfer 
complex formation with intercalating π-donors. The channel 4 is a voltage-gating ion 
  
6 
channel. Channel 5 and 6 are multifunctional pores combining molecular 
translocation with molecular recognition and transformation. One important goal of 
the synthesis of various ion channels is to gain a better understanding of the 
mechanism of transmembrane transport.  
 
Figure 1.3. Synthetic ion channels and pores made by Matile et al 
 
1.2.5 Cucurbit[n]uril based synthetic ion channels 
 
 
Figure 1.4. Cucurbit[6]uril and Cucurbit[5]uril channels 
 
Cucurbit[6]uril and Cucurbit[5]uril were synthesized by Kim’s group20.These two  
novel artificial ion channels based on CB[n] (n ) 6 and 5) can transport proton and 
alkali metalions across a lipid membrane with ion selectivity. Not only the structural 
  
7 
resemblance to the selectivity filter of K
+ 
channels but also the remarkable ion 
selectivity makes this model system unique. 
 






Figure 1.5. (1) Chemical structure of macrocylic pentamer 1, Dotted pink line indicated 
H-bonds. (2) topview and (3) sideview of the crystal structure of pentamer 1 with methoxy 
methyl groups are omitted for clarity of view.  
 
Zeng’s group synthesized a novel five membered cyclic pentamer (Figure 1.5). This 
cyclic pentamer was first synthesized by stepwise synthesis. It has a cavity of ~1.4 Å, 
which is near the same size as K
+
. And if the OMe group was replaced by OH group, 




. This kind of cyclic 




Figure 1.6. Chemical structures of cyclic pentamers  
 
1.2.7 The techniques and instrumentations for the evaluation of synthetic 
ion channels 
 
Multiple techniques and instrumentations have been employed in the evaluation of the 
various properties of synthetic channels. Nuclear magnetic resonance (NMR) 
spectroscopy is a valuable tool used to probe the conformations of artificial channels. 
For instance, Gong et al.
24,25
 studied the conformations of short oligomer 
intermediates using 2D NMR (NOESY, Nuclear Overhauser and Exchange 
Spectroscopy). Fluorescence spectroscopy has also emerged as an indispensable tool. 
The technique has been used by Jeon et al.
7
 and Madhavan and his team
8
 to assess the 
ion-transport rates and ion-selectivity of artificial channels. Other methods are also 









 across large unilamellar vesicles, while Ghadiri opted for the micro patch clamp 
techniques to quantify the transport efficiency of the peptide nanotubes. Planar lipid 
bilayer workstation distinguishes itself from all the aforementioned methods by its 
lack of artifacts, high sensitivity, the capacity to detect channel opening and closing 
probability at the single molecule level. 
 
1.2 Aim of this study 
Compared with the nature evolution, the progress of manipulated work of ion 
channels remains to be insignificant. Because natural ion channels have both high 
selectivity and high conductivity but so far none of synthetic ion channels may 
possess such two favoring features and even any of that in worse cases. Thus, there 
are a lot of work needed to be done in this field. 
 
Applications of synthetic ion channels can be found in various fields, such as 
nanofiltration membranes, nanoreactors for catalysis, chemical/biological sensors, 
transporters and drug/gene delivery vehicles as well as novel cytotoxic and 




In this project, the target synthetic ion channels will be built up with a conceptually 
different approach. The channels will consist of circular aromatic γ-peptides attached 
to a linear rigid scaffold (Figure1.7). The circular aromatic γ-peptides should ideally 
adopt a planar conformation and be perpendicular to the rigidified linear scaffold, so 
  
10 
that the direction of ion movement is parallel to the scaffold and also to provide an 




Figure1.7. Conceptual depiction of the target synthetic pore-forming, ion-conducting 
channel embedded within a phospholipid bilayer membrane. 
 
Compared with the works reported by other groups, our synthetic ion channels 
possess unique advantages as outlined below:  
(1) A channel height of ~ 35 Å from the top to the bottom. 
 (2)A H-bonding-rigidified linear scaffold able to support three vertically aligned 
ion-transporting circular units. 
 (3) Tunable interior properties for fine-tuningion-binding specificity, channel cavity 
  
11 
and interior hydrophobicity 
 (4) An easily modifiable outer surface. 
 (5)A methyl group should be introduced to the o-position next to the C-C bond 
between the linear part and the cyclic pentamers. This is to prevent the rotation 
and keep these three cyclic pentamers parallel. 
 















































  R =  aliphatic alkyl chains




































































Figure 1.8 Principle of our synthetic ion channel design 
 





















































































































                
Figure 1.9 Chemical structure of our synthetic ion channel 
The aim of our study include (1) to obtained the channel in Figure 1.9 
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                        (2) to test its functions in the LUV testing. 
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From the retro-synthesis of the target molecule, it can be seen that there are three 
steps in the synthesis of the synthetic ion channel: 
1. Synthesis of the cyclic pentamer. 
2. Synthesis of the linear scaffold, the linear pentamer. 
3. Attach the cyclic pentamer with the linear scaffold via Suzuki-coupling. 
In this section, we will discuss the background of these three parts. 
 
2.1.1 Previous work on the cyclic pentamers 
Our group had synthesized two kinds of cyclic aromatic pentamers. The first was 
benzene ring based cyclic pentamer
1-3



















































Figure 2.2, Methoxybenzene- and pyridone-based cyclic pentamers 
 
 
The synthesis of these two cyclic pentamers are very helpful to the cyclic pentamer of 
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Scheme 2.2 Synthetic route that afford pyridone rings based cyclic pentamer 
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2.1.2 Previous work on the linear scaffold  
  This kind of linear scaffold has not been reported before. The most important 
problem we face is the synthesis of the mono-chloride compound 11a  
 
There are two common ways to make the chloride as shown in Schemes 2.3 and 2.4, 



























11a       
Scheme2.3 The first common way to prepare compound 11a 
 
 
The aniline reacted with ethyl oxalyl monochloride to obtain the ethyl oxalyl ester 11c. 
This ester was hydrolyzed with NaOH in MeOH, after the reaction was complete, HCl 
was added to get the precipitated acid 11d. This acid was reflux in thionyl chloride to 
get the desired 11a, the chloride. 
 
We have already tried this method, however the results were not satisfactory because: 
(1)The solubility of our ethyl ester 11c is poor. 
(2)The solubility of our acid 11d is also poor. 
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Scheme 2.4 The second method to prepare compound 11a 
 
The method in Scheme 2.4 seems to be more convenient
7, 8
. The aniline is added to 
oxalyl chloride (at least 5 eq. to prevent side reactions) under room temperature. Since 
the amine is required to neutralize the formed HCl, the theoretical yield is only 50% 
and we have to find ways to separate the chloride and the HCl salt, which is not an 
easy task. 
 
Though these two methods did not work out for us, but they give us inspiration and 
great help to develop a new technical of oxalyl monochloride synthesis, we will 
discuss it in detail in the discussion section. 
 
2.1. 3 Bromination, preparation of boric ester and Suzuki coupling  
Suzuki coupling is an useful C-C coupling reaction. In our study, Br group need to be 
introduced to the cyclic pentamer and the linear scaffold before Suzuki coupling.        
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Also, there are two common ways of bromination. The two bromination reagents Br2 




























Scheme 2.5 Two useful bromination reagents 
In our project, NBS was better than bromine because of the convenient purification. 
After the reaction was complete, the reaction mixture was poured into water, and the 
product precipitated as a very clean solid with a high yield. 
Suzuki coupling reaction is the reaction of an aryl- or vinyl-boric acid or ester with an 
aryl- or vinyl-halide catalyzed by a palladium(0) complex
9-11
 or by a palladium 
nanomaterial-based catalyst.
 12
 It has been widely used to synthesize poly-olefins, 
styrenes, and substituted biphenyls, and also extended to incorporate alkyl bromides.
13
 









The preparation of boric acid and boric ester was also a challenge to us. The typical 












      
 Scheme 2.7, Preparation of boric acid and ester 
 
In this chapter, we only focus on the synthetic issue of the ion channel. All the above 
background information would be very important in the next section.  
 
2.2 Result and Discussion 
   In this section, we will discuss the synthesis of cyclic pentamer, linear pentamer 
and the final synthetic ion channel.  
 













































          Figure 2.3 Two building-blocks of the cyclic pentamer 
 
This cyclic pentamer contains four pyridone building blocks and one benzene 
building block. The pyridone building block is easy to obtain. And a tetramer of 
foldamer can be obtained via amide condensation. The original synthetic route is 






















1) EtOCOCl, NMM, THF/DMF
2) NaN3, H2O













NaOH, dioxane, r.t., 96%
conc. H
2 SO























NaOH, dioxane, r.t., 80%
conc. H
2 SO






















































Scheme 2.8 Original synthetic route of pyridone building blocks tetramer 
 
Tetramer 1j can be obtained by this stepwise synthesis strategy using HBTU-HOBT 
mediated amide coupling. However, some steps should be optimized to get higher 
yield and higher purity. 
 
The hydrolysis of 1b is a low yield reaction because the product is a mixture of 
monoacid and diacid (about 1:1 ratio). And the yield of the next step Curtius 
rearrangement is also low. Sodium azide, the reagent of Curtius reaction, is quite 
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dangerous and the operation is much difficult. DPPA (Diphenylphosphoryl azide) is 
applied in this reaction because it is quit safer than sodium azide. Another approach 




































              
Scheme 2.9 Optimized synthetic route of monomer 1m 
 
The reaction from 1a to 1k could be optimized to a one-pot reaction. After the 
reaction with C8H17Br was complete, the solvent DMF was removed under vacuum, 
no more purification was needed. Then MeOH and sodium hydroxide were added to 
the reaction mixture, the remained potassium carbonate and C8H17Br would not affect 
the hydrolysis. After the hydrolysis was complete, HCl was added to the solution, the 
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diacid 1k would precipitate as a very clean solid.  
 
The next step from 1k to 1l was mono esterification, this was a high selective and 
high yield reaction and the purification was very convenient. When NaH was added to 
the reaction mixture, the mono sodium salt would precipitate, so that very little 
disodium salt would form. This was why the mono esterification had a very good 
performance. 
 
Another problem should be discussed here is the building block 1m was much better 
than 1d though they were very similar. As we all know that the hydrolysis of methyl 
ester is much easier than ethyl ester. 
 
There was no obvious difference between the methyl ester and ethyl ester in the 
monomer hydrolysis, but the hydrolysis of pentamer would be much different. The 
methyl ester pentamer would get a cleaner product than ethyl ester pentamer. Please 
see Figure 2.4, methyl ester pentamer and ethyl ester pentamer for hydrolysis. This is 




















































Figure 2.4 Methyl pentamer ester would be easy to hydrolyze 
 








NaOH, dioxane, r.t., 96%
conc. H
2 SO










































































+1q HBTU, Hobt, DIEA
DMF, r.t., 72%
 




Besides the change of ester group, the additional improvements were: 
(1), HCl/dioxane solution was used for the Boc deprotection of the dimer. H2SO4 was 
too oxidative so that too much impurity would form. The TFA/ CH2Cl2 system also 
led to a main impurity, the TFA amide. So HCl/dioxane was the best Boc deprotection 
condition.(Table 2.1 and Figure 2.6) 
(2), The monomer amine 1o should be 1.05-1.1 eq. of monomer acid, this was to 
make a complete conversion of monomer acid because the remained acid had a very 
close RF to the product and difficult to purify.  
(3)In the reaction of preparing tetramer 1s, the amount of solvent DMF should be as 
little as possible so long as the starting materials can get dissolved. When the reaction 
was complete, very pure product, tetramer 1s would precipitate as a white solid. The 
purification would be very easy: simple filtration and washing would be sufficient.   
 





 C is the best Boc deprotection condition  
Entry Solvent Acid Temp.(
 o
 C) Results 
1 Ethanol H2SO4 rt. Too much impurity 
2 TFA CH2Cl2 rt. Too much TFA amide 
3 Dioxane HCl rt. Not complete after overnight 






































              Figure 2.5 Two TFA amides of dimer and tetramer  
 
The monomer building block 2m contains 5 different groups on one benzene ring, so 
that the synthesis was very difficult, we had to synthesize it from very basic starting 







































Scheme 2.11 Overall synthetic routes to monomer 2c, 2d and 2e 
Crotonaldehyde was not commercial available in Singapore because of its low boiling 





The boiling point of acetaldehyde is only 20
o
C and a lot of heat is generated during 
the condensation. This reaction should be carried out with great care to prevent 
bumping or explosion from happening.  
 
After distillation and drying, the crude crotonaldehyde was condensed with ethyl 
acetoacetate in NaOEt/EtOH solution to obtain 2a. The product 2a could also 
self-condense to afford 2b, a six-membered ring containing one methyl group at the 
2-position of ethyl ester group.  
 









Entry Solvent Reagent Temp.(
 o
 C) Results 
1 CCl4 Br2 reflux 71% yield 
2 CCl4 NBS Reflux 67%yield 
3 DMF CuCl2 90 messy 
4 DMF CuCl2/LiCl  90  78%yield 
5 DMF CuCl2.2H2O/LiCl 90 87%yield 
  CuCl2.2H2O/LiCl in DMF, stirred under 90
o C was the best condition. The solubility of CuCl2.2H2O 




After aromatization, compound 2c, ethyl 6-methylsalicylate was obtained as a key 
intermediate of the whole synthetic route of 2m. Table 2.2 shows the reaction 
conditions screened for aromatization of 2b. CuCl2.2H2O was much cheaper than 
anhydrous CuCl2 , and the solubility and reactivity of CuCl2.2H2O was also better 
than anhydrous CuCl2. The reactions of NBS in CCl4 or Br2 in CCl4 were not as good 
as CuCl2.2H2O due to their lower yield.  
 
The nitration of 2c would have two products, the para-product 2d and the 
ortho-product 2e. These two products were very difficult to separate even by silica gel 
column. 0.5 eq. Bi(NO3) 3 was the best reaction condition. 34% yield of 2d and 38% 
yield of 2e were obtained. 
 























Entry Solvent Reagent Temp.(
 o
 C) Yield of 2d Yield of 2e 
1 CH2Cl2 HNO3 rt. 12% 15% 
2 THF 0.3 eq. Bi(NO3) 3 reflux Too much starting material 
3 THF 0.8eq. Bi(NO3) 3 reflux Messy reaction solution 
4 THF 0.5eq. Bi(NO3) 3 reflux 34% 38% 
 
Compound 2d and 2e could be used to prepare monomer 2m via different synthetic 
route. The first two steps of them were the same, the two ethyl ester groups were 









































Scheme 2.12 Synthetic routes from 2d to 2j 
 
We had to do separate the two nitration p- and o- isomers before hydrolysis and ester 
exchange. We had tried another synthetic route, but failed because the two products 











Figure 2.6, Two methyl ester that could not be separated by silica gel column 
    
After reduction of compound 2g , compound 2h was obtained. Compound 2h was 
treated with HBr/NaNO2 to get a diazonium salt then reacted with CuBr to afford 






































                 Scheme 2.13 Synthetic routes from 2e to 2m 
 
Compound 2j can be also synthesized from the nitration product 2e, after bromination 
and ester group exchange, 2j was obtained. The bromination was a clean, fast and 
convenient reaction. After the reaction was complete, the reaction mixture was pour 
into water to afford a clean white solid. After drying, the yield was up to 95%. 
 
The only methylation reagent for compound 2j was MeI which was much better than 
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methyl sulfate. This reaction should be monitored by TLC every 10 minutes because 
excessive reaction time would lead to decomposition of the product 2j.   
 
There are two groups next to the COOMe group, so that the steric hindrance effect 
was very serious. However, high temperature and strong base were not fit for this 
hydrolysis reaction or much impurity would form. 
 














Entry Solvent(1:1 with H 2O) Base Temp.(
 o
 C) Results 
1 dioxane NaOH rt. No reaction 
2 MeOH NaOH rt. Very slow and much impurity 
3 MeOH NaOH 60 Very messy 
4 MeOH K2CO3 rt. No reaction 
5 MeOH KOH rt. Much impurity 
6 MeOH LiOH rt. Much clean but very slow 
7 MeOH LiOH 60 messy 
8 MeOH LiOH 35 Best condition, few impurity 
After screen, MeOH was the best solvent and LiOH was the best base. The temperature should be 
less than 40
 o C. 
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Though the synthesis of building block 2m and tetramer was discussed, next we will 





























































































































































       
Scheme 2.14 Synthetic route to afford 1w from 1s and 2m 
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Please note that there were two spots on TLC for pure 1t after Boc deprotection. The 
reason is still unknown, however it dose not affect the next step reaction. The reflux 
time of 2m in thionyl chloride should be less than 6h, otherwise impurities would 
form. 
 
The solubility of compound 1u in ethanol was not good at room temperature but good 
under reflux. After the reduction was complete, the hydrolysis product would have a 
higher RF than starting material.  
 
The cyclization of 1v was a high-yield reaction if the 1v was pure enough, the yield 
would be up to 70%. After the reaction was complete, MeOH was added to get a 
precipitation as a white solid. Further purification such as silica gel column 
purification was need if the precipitation was not pure enough. 
 
Next we will discuss the synthesis of linear scaffold. 
 
2.2.2 Synthesis of linear scaffolds 







































Figure 2.7 shows the abbreviated structure of linear scaffold molecule. Five benzene 
rings connected together with NHCOCONH bonds. After HPC modeling calculation, 
it was linear and rigid. The length of this molecule was about 3.5 nanometers.  
 
R1, R2 and R3 were design to improve the solubility of this molecule, Br was 
introduced for Suzuki coupling.    
 
This kind of linear scaffold was an unreported compound. We spent a lot of time on 
its synthesis. The difficulty for us was the oxalyl monochloride (compound 11a) 
synthesis.   
 
We have discussed the two common synthetic routes for compound 11a oxalyl 
















































Figure 2.8 Two common synthesis of oxalyl monochloride  
 
These two methods did not produce our desired chloride. We had to develop a new 
synthetic method of oxalyl monochloride synthesis.  
 
When aniline was added to excessive oxalyl chloride, half would convert to our 
desired oxalyl monochloride and the other half would convert into HCl salt. If we 
could find some techniques to remove HCl, the aniline would convert to oxalyl 
monochloride thoroughly.  
 







white solid with white smoke
Base= DIEA, TEA and pyridine  
 




When DIEA, TEA or pyridine was added to oxalyl chloride, white solid formed with 
white smoke. These experiments proved the tertiary amine could not exist with oxalyl 
chloride. We had to try other ways to remove HCl. 
 
Finally we found it and we named this method “novel vacuum oxalyl monochloride 




Figure 2.10, A sketch of the reaction apparatus 
 
We can see from Figure 2.10, a round-bottom flask was sealed with a plastics stopper. 
The sealed reaction system was connected with a vacuum pump through a syringe 
needle. About 10 eq. oxalyl chloride in dichloromethane was placed in the reaction 






Half above aniline would transfer to oxalyl monochloride soon, the same equivalent 
HCl would form and be absorbed by the other half aniline. The aniline was a very 




































DCM, Vacuum about 90% yield  
Figure 2.11 Mechanism of our vacuum oxalyl monochloride synthesis 
 
As shown in Figure 2.11, the interaction between aniline and HCl was equilibrium. If 
this reaction was stirred under vacuum, HCl would come out as a gas. As a result, 
aniline would release from the HCl salt. Finally, all the aniline would convert into 
oxalyl monochloride with more than 90% yield. 
 
However, how to tell us if this reaction is complete or not? The oxalyl monochloride 
was very sensitive to air and not stable so that TLC cannot be used directly. Before 










































Figure 2.12, Monitoring the oxalyl monochloride’s formation 
  
When a drop of reaction mixture was quenched in 0.5ml Methanol and run TLC, there 
would be 4 spots on TLC if this reaction was not complete. From the bottom to the 
top, these four spots should be aniline HCl salt, starting material aniline, and methyl 
oxalyl monoester and oxalyl diamide. When aniline and aniline HCL salt disappeared, 
we would say this reaction was complete. The oxalyl diamide was a small impurity, 
but it was inevitable, correct operation would reduce its ratio. The RF of this oxalyl 
diamide was usually high so that it could be removed by silica gel column easily. 
 
Once we had developed the technique of oxalyl monochloride synthesis, we started to 
synthesize the linear scaffold. The first two obtained linear scaffolds were trimethyl 
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compounds not tribromo compounds. There were three reasons, (1), the NH2 group of 
methyl aniline was more reactive and could increase solubility, the trimethyl linear 
scaffold should be easy to obtain.(2) The single crystal of trimethyl linear scaffold 





























Figure 2.13 Structure of successfully synthesized linear scaffold 3q 
 
Figure 2.13 shows the first synthesized linear scaffold. Unfortunately its solubility 
was very poor so that it could not dissolve in any solvent. Two DMB groups were 
introduced to this linear scaffold and the single crystal structure was obtained. This 
X-ray crystallographic structure and its NMR proved we actually obtained this 
pentamer. 
 




































Figure 2.14, X-ray crystallographic structure of DMB-protected pentamer  
 
 














3e 3f 3k  
 
Figure2.15 Three types of monomers for the synthesis of the linear scaffold 3q 
 
We had to synthesize these three monomers first. The synthetic route of monomer 3e 


























Scheme 2.15 Synthetic route of monomer 3e 
 
The first two steps were very easy, but in step 3, the yield was very low because 
fuming nitric acid was a very strong oxidant. The methyl group of 3d was oxidized to 
COOH group. However, it was acceptable because this was the only approach. We 












Scheme 2.16 Failed approach from 3g to 3d 
 
The conversion from 3g to 3d was not reported, MeI and methyl sulfate were also 
been tested, but all failed. Scheme 2.15 was the only way to prepare monomer 3d. 
 
There were two nitro groups in monomer 3d, the reagents of mono-reduction and 
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di-reduction were the same. The only difference was the temperature, 3d stirred under 
40
o




















































Scheme 2.18 Synthetic route of monomer 3k 
 
DMB is the abbreviation of 2, 4-dimethoxyl benzyl, and the purpose to introduce two 
DMB to 3i was: (1) DMB would increase the reactivity of 3i and (2) Di-DMB 
pentamer might be easy to obtain the single crystal. 
 
Compound 3i was not very stable and would turn dark in air so that it should be stored 
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under nitrogen or Argon. Compound 3i and 3k had same RF under TLC and 3j was 
also very close. When we did the one port reaction from3i to 3k, great attention 































Scheme 2.19 Synthetic route of dimer amine 3m 
 
The oxalyl monochloride 3l was prepared by the method we discussed previously. The 
oxalyl chloride 3l should be recrystallized in anhydrous n-hexane to remove the 
remaining oxalyl chloride ClCOCOCl though most of it was already removed by 
vacuum. After recrystallization, pure 3l would be obtained as a colorless solid. 3l was 
very sensitive to moisture, a splash head should be setup like this. This was a good 
technique developed by us. (Figure 2.15)  
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Connect to the RBF
Sealed with cotton
Connect to vacuum
Filled with CaCl2 anhydrous
 
Figure 2.16 How to prevent moisture by a splash head 
 
The top cone was used to connect with vacuum such as rotary evaporator and the 
bottom cone was to connect with the round-bottom flask (RBF) containing chloride 
product. The ball of splash was filled with anhydrous CaCl2 to prevent moisture. A 




























DCM, ice-bath to r.t



































































          Scheme 2.20 Synthetic route of pentamer 3o and 3p 
 
Synthesis of 3n was quite similar to 3l, recrystallization was also required. Unlike the 
reaction forming 3m, the reaction to afford pentamers was a 2+1=5 reaction, two 
dimer chloride reacted with one diamine to afford the pentamers.  
  
An interesting thing was there were two products, di-DMB and mono-DMB 




































   Scheme 2.21 A possible abbreviated mechanism to afford 3o and 3p 
 
According to this mechanism in Scheme 2.21, we should have obtained another none 
DMB pentamer 3q, a linear pentamer, but we did not find it. We used 3o and 3p to do 
deprotection of DMB. The reaction condition of deprotection was TFA, but we found 
the reaction mixture was very messy. So triethylsilicane was added to entrap DMB , 
after overnight, the starting material disappeared and a white solid precipitated. This 




































































Pentamer 3q could not dissolve in any solvent. Based on this, two nitro groups were 
removed and four OMe groups were replaced with OC8H17 groups to increase its 













































Figure 2.176 New designed trimethyl linear scaffold 4q and three monomers 
 














































































40% for 3 steps 98%
95%
4l  
Scheme 2.24 Synthetic route of monomer 4l 
  
Compound 4i was not stable. A convenient preparation from 4i to 4k was to stir 4i in 
CH2Cl2/water for 2-3 days. There was a main impurity which had been proven to be a 





























Main impurity 4m  
Scheme 2.25 Another approach to afford compound 4k 
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OC8H174n 4o  
 
Scheme 2.26 Synthetic route of compound 4o 
 







































































Scheme 2.26 Synthetic route to afford compound 4q 
 
Compound 4q has a good solubility in CH2Cl2 and chloroform. So we started to work 








































































































5g 5h  




Compound 5e was not reactive with BrOC8H17 because there were three 
electron-withdrawing groups, two nitro groups and one bromine group. So we had to 
do mono reduction to produce 5f, and then carried out the alkylation with BrC8H17. 
The alkylation on amino group was the major side reaction which led to a low yield of 

































































































Scheme 2.30 Synthetic route to afford linear pentamer 5l 
 
Though linear scaffold 5l had a similar structure to scaffold 4q, the only difference 
was the three bromine atoms. This led to a decreased solubility of compound 5l, so 
the structure of 5l should be optimized to improve its solubility. 
Two OC8H17 side chains of 5l were replaced with two O(CH2O)3Me group to afford 
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Scheme 2.31 Synthetic route to afford linear pentamer 6f 
 
Our linear scaffolds 6f, 5l, and 4q contained a lot of OC8H17 or O(CH2CH2O)3Me side 
chains. As a result, it was very difficult to get their single crystals to confirm their 3D 
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structures. Some tetramers and trimers were synthesized to get single crystal. They 
were all supposed to be easier to get single crystal, but no single crystal was obtained 
except for compound 3o (Scheme 2.20). Compound 3o could prove it was a pentamer, 


















































































           
Figure 2.20 Some tetramers and trimers for single crystal growth 
 
2.2.3 Attach the cyclic pentamers to the linear scaffold 
 
There is no doubt that Suzuki coupling is the one possible powerful method to attach 
the cyclic pentamers to the linear scaffold. However, we spent more than one year on 
this work.  
Before Suzuki coupling, boric acid or boric ester should be prepared. Boric acid was 
not good for us because :(1) generally boric acid was prepared from Grignard reagent 
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RMgBr which was sensitive to CO double bond and (2) boric acid was difficult to 
purify via silica gel column. 
 
Generally, Bis(pinacolato)diboron was the most widely used reagent for Suzuki 
coupling. The base was potassium acetate and the solvent was anhydrous DMF or 
DMSO. It was impossible to obtain tri-boric ester of linear scaffold 6f, we had tried 
this but all failed. After several condition tests we abandon this approach. 
 

















































































All failed  
    
Entry Base Solvent Pd catalyst Temp.(
 o
 C) Result  
1 K2CO3 DMF Pd(PPh3) 4 80 Very messy 
2 AcOK DMSO Pd(dppf)Cl2 80 Difficult to purify 
3 AcOK DMF Pd(dppf)Cl2 80 Messy 




It appeared to us that entry 2 was a promising condition, but the product was very 
difficult to purify. Another consideration was that once this tri-boric ester was 
obtained, at least 4 equivalents very precious cyclic pentamer should be used. So this 
was not an ideal way. 
 
Also, we tried another approach, to synthesize the boric ester of cyclic pentamer 1w, 




























































Scheme 2.32 Failed approaches to prepare boric ester of 1w 
 
So we went to carry out boric ester synthesis of the dimer, compound 6d. 
 





































Entry Base Solvent Pd catalyst Temp.(
 o
 C) Yield  
1 K3PO4 DMF Pd(PPh3) 4 80 Dark solution ,failed 
2 AcOK DMSO Pd(dppf)Cl2 95 32%  
3 AcOK DMF Pd(dppf)Cl2 80 47% 
4 AcOK DMSO Pd(dppf)Cl2 75 64% 
 
Finally, we found 1.8eq diboron, 0.03 eq. Pd(dppf)Cl2, 3eq. KOAc, at 75
 o
C was the 
best condition. This reaction was sensitive to reaction temperature. If the reaction 
temperature was higher than 80
 o
C, the yield would decrease. KOAC was a very weak 
base but is was good enough. Stronger base would lead to biphenyl compound. The 
product 7c should be stored under nitrogen because it was not stable and would turn 
dark in air. We did the next step Suzuki coupling by this boric ester, compound 7c. 
   The next reaction was the Suzuki coupling between cyclic pentamer 1w and 
compound 7c. K2CO3, dioxane, Pd(PPh3) 4  was the best condition 



























































Entry Base Solvent Pd catalyst Temp. Yield  
1 K2CO3 Toluene Pd(PPh3) 4 90
 o
 C none 
2 K2CO3 Dioxane Pd(dppf)Cl2 reflux 61%  
3 K2CO3 DMF  Pd(dppf)Cl2 80
 o
 C 32%,difficult purification 
4 Cs2CO3 Dioxane Pd(dppf)Cl2 75
 o
 C 58% 
 
Though the yield was only 60 %, but the conversion rate of cyclic pentamer 1w was 
nearly 100 %, with a possible loss of the product during the purification. However, 




















Scheme 2.33 Failed approaches to obtain boric ester 7e 
 
Actually, 7e was obtained after reaction, but we could not get it because it was too 






















































Scheme 2.34 Failed Suzuki coupling between 1w and 7f 
 
Compound 7f was the boric ester of compound 5g. There was no problem in 7f 
preparation. However, the Suzuki coupling between 7f and cyclic pentamer 1w was 
not successful because 7f was not reactive. The only product was cyclic pentamer 7g 
with removal of a Br atom.  
 
Some other boric esters were also designed: two were protected by Cbz groups and 

















































































































































Figure 2.21 Four boric esters and their corresponding Suzuki coupling products 
 
Boric ester 7h could be obtained by the same way as 7f and 7e, but it was not stable. 




Boric ester 7i was a stable compound and there was no problem in the Suzuki 
coupling. However, Cbz-deprotection of 7m was very difficult due to its poor 





















Scheme 2.35 Failed approach to prepare Boc protected 7p and 7q 
 
Boc protected compound 7p and 7q could not be obtained via direct Boc anhydride 
protection. Different temperatures and different solvent such as THF and DMF had 
been tested but all failed. So we abandoned this approach. 
 
Finally, we found a good way to prepare compound 7p. The NHBoc group was not 


































        Scheme 2.36 Synthetic route to prepare Boc protected monomer 7r 
This was the only way to prepare compound 7r. For the reduction of 7p, it should be 
noticed that the ratio of AcOH and EtOH should be less than 8, or Boc group would 





















































































    
Scheme 2.37 Synthetic route to prepare compound 8f 
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We were lucky 7j was stable and reactive to produce 7o. The deprotection of 7o was a 
very clean reaction. Compound 8f should be stored under argon or nitrogen. 
 
In the last step, two molecules of 8g react with one molecule of 8f to produce one 






























































































































































                  





If we followed the reaction condition of linear scaffold synthesis, only compound 8h 
would be obtained which was only a trimer containing two cyclic pentamers. 
 































































































































Figure 2.22 Two inevitable impurities of the final ion channel synthesis   
 
Compound 8j was coming from excessive chloride 8g. Compound 8j was an oxalyl 
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coupling product of two compound 7e. These two compounds were all inevitable in 



































































































































































C273H371N35O51 Exact mass 4955.751
 
Tetramer 8j
ion channel molecule 8k
Acid 8i
 




We have already obtained the correct NMR and Mass of 7d and 7o, the two starting 







HNMR spectrum of Compound 8k 
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Due to the planar structure and H-bouds of the three cyclic pentamers, this molecule 
demonstrates very strong inter-molecular stacking. The 
1
HNMR spectrum of this 
molecule was obtained at 105
o
C to reduce stacking. From the NMR of compound 8k , 
the peaks in the regions of 13.4-12.8 (m, 9H), 12.46 – 11.75 (m, 3H) and 10.52 (s, 3H) 
likely correspond to the 15 amide H-atoms of cyclic pentamers which has the same 
shape and chemical shift as the amide H-atoms of cyclic pentamer 1w,and peaks at 
9.87 (m, 8H) can be possibly ascribed to the 8 amide H atoms of the linear part.  
 
2.2.4 Some other works for ion channel       
 
The methyl groups at the o-position of the C-C bond between the cyclic pentamers 
and linear scaffold were very important. The role of these three methyl groups was to 
prevent the rotation of the C-C bond between cyclic pentamer and linear scaffold. 
Once this rotation becomes limted, the linear scaffold would be perpendicular to the 
aromatic plane of the three cyclic pentamers. 
 
It was too difficult for us to get single crystal of the final ion channel molecule. 
However, simple molecule was designed to prove the roles of the methyl groups. 


































































































































































Four new synthetic ion channels with different cavities were designed. The OMe 

























































































































10d R=F  
Figure 2.25 Four new designed synthetic ion channel molecules 
 
The channels with OH and F would have larger cavities than OMe channel, and the 
channels with OEt and OBn would have smaller cavities. Then different cavities 
would show different selectivity with proton and alkali ions. Now we have completed 
part of them. 
 
2.3 Conclusion and Future Work 
 
The synthesis of this novel synthetic ion channel was a multistep synthesis. The 
overall number of steps was 57. Hundreds of different compounds and thousands 
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NaOH, dioxane, r.t., 96%
conc. H
2 SO



































































































































































































































































































































































































































































































































































































































































































C273H371N35O51 Exact mass 4955.751
 




The work next for us was: 
(1) To get the mass of channel molecule 8k by MALDI-TOF 
(2) To synthesize 10a ,10b, 10c and10d. Replace OMe group with F,OH,OEt and 
OBn to produce different ion channel with cavities. 


























































































































10c R1=OH  R2=H
10d R1=F    R2=H
10e R1=OMe R2=amoni acid
R2 R2
 









2.4 Experiment Section  




    NaOH (8ml, 5% aqueous solution) was added dropwise to 
acetaldehyde (44g, 1mol) in a 250ml RBF. The temperature was controlled to be 
lower than 10
o
C during the addition. After the addition was complete, the reaction 
mixture was stirred for additional 4h. Acetic acid (1g) was added and then distilled at 
90
o
C to obtain a crude product. This crude product was dried over anhydrous CaCl2, 






2b  Na (1.2g, 50mmol) was dissolved in anhydrous EtOH (450 ml). 
Ethyl acetoacetate (220 ml, 1.75mol) was added to above reaction mixture and cooled 
in an ice-bath. Crotonaldehyde (122g, 1.73mol) was added dropwise carefully. The 
reaction mixture was stirred overnight at room temperature and saturated with dry 
HCl gas, stand for overnight, concentrated under vacuum, crude product was obtained 









2c CuCl2 (300g,2.23mol) and LiCl (70g,1.65mol) was added in 1000ml 
DMF, then heated to 90
o
C ,crude 2b  (287g1.58mol) was added dropwise in 30min 
with stirring. The reaction mixture was stirred for 2 days and then poured into 2000g 
ice and filtered. The filtrated was extracted with EA, the organic layer was washed 
with water and brine, dried with Na2SO4, concentrated, purified by silica gel column 
(EA: hexane=1:100), product 2c as a white solid was obtained. Yield: 151g 52.2 % 
yield .
1
H NMR (500 MHz, CDCl3) δ 11.38 (s, 1H), 7.26 (t, J = 7.9 Hz, 1H), 6.83 (d, J 
= 8.3 Hz, 1H), 6.70 (d, J = 7.4 Hz, 1H), 4.43 (q, J = 7.1 Hz, 2H), 2.55 (s, 3H), 1.43 (t, 
J = 7.1 Hz, 3H).
 13
C NMR (126 MHz, CDCl3) δ 171.72, 162.82, 141.31, 134.05, 
122.84, 115.55, 112.36, 61.56, 24.05, 14.15. 
 









2e Compound 2c (18g, 100mmol) was dissolved 
in 200ml THF to which Bi(NO3)3 .5H2O (24.3g, 50mmol) and MK10 ( 5g) were 
added. This reaction mixture was stirred under reflux for 10h. After cooling, the 
reaction mixture was filtered. The filtrate was concentrated and purified by silica gel 
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column (EA: hexane=1:20). Yield pure 2d 7.65g, 34% and 2e 8.54g, 38%.  
Compound 2d 
1
H NMR (500 MHz, CDCl3) δ 11.46 (s, 1H), 7.86 (d, J = 9.1 Hz, 1H), 
6.93 (d, J = 9.1 Hz, 1H), 4.49 (t, J = 7.2 Hz, 2H), 2.65 (s, 3H), 1.46 (t, J = 7.1 Hz, 3H).
 
13
C NMR (126 MHz, CDCl3) δ 170.49, 164.69, 136.76, 130.08, 116.29, 114.12, 62.80, 
18.72, 14.07. 
Compound 2e  
1
H NMR (500 MHz, CDCl3) δ 11.03 (s, 1H), 7.99 (d, J = 8.7 Hz, 1H), 
6.81 (d, J = 8.8 Hz, 1H), 4.42 (q, J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.38 (t, J = 7.1 Hz, 
3H).
 13
C NMR (126 MHz, CDCl3) δ 166.10, 152.65, 146.77, 132.15, 125.85, 124.38, 







2k Compound 2e (2.25g, 10mmol) was dissolved in a mixture of 
MeOH (30ml) and 1M NaOH (30ml). This reaction mixture was stirred under reflux 
for two days until TLC showed the completion. After cooling, 1M HCl (50ml) was 
added then extracted with EA (80ml×3). The organic layer was combined and dried 
over anhydrous sodium sulfate, concentrated. The product was dissolved in a mixture 
of MeOH (80ml) and concentrated H2SO4 (12 ml), stirred under reflux for 3 days. 
After cooling, most MeOH was removed, 100ml water was added to the mixture. This 
mixture was extracted with CH2Cl2 (70ml×3). The combined organic layer was dried 
and concentrated to afford product 2k. Yield: 1.92g, 91%.
 1
H NMR (500 MHz, CDCl3) 
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δ 11.02 (s, 1H), 8.01 (d, J = 8.7 Hz, 1H), 6.83 (d, J = 8.6 Hz, 1H), 3.95 (s, 3H), 2.38 
(s, 3H).
 13
C NMR (126 MHz, CDCl3) δ 166.58, 152.67, 146.97, 132.11, 125.99, 







2j Compound 2k (2.11g, 10mmol) was dissolved in a mixture of 
20ml concentrated H2SO4 and 15ml TFA. NBS (2.14g 12mmol) was added to the 
above reaction mixture and stirred under room temperature for 10 minutes. After 
reaction was complete, the reaction mixture was pour into water (100ml). The 
precipitate was collected by filtration and dried in oven to give pure 2j. Yield: 2.75g, 
95%.
1
H NMR (500 MHz, CDCl3) δ 10.71 (s, 1H), 8.35 (s, 1H), 3.98 (s, 3H), 2.42 (s, 
3H).
 13
C NMR (126 MHz, CDCl3) δ 165.65, 151.07, 145.93, 129.09, 128.72, 126.81, 








2l Compound 2j (2.9g, 10mmol), K2CO3 (2.07g, 15mmol) and  
  
82 
MeI (2.84g, 20mmol) were added to DMF (30ml).This reaction mixture was stirred at 
60
o
C for about 2 hours. After cooling to room temperature, the reaction mixture was 
poured into water (120ml) and extracted with CH2Cl2 (60ml×3). The combined 
organic layer was dried over anhydrous Na2SO4 and concentrated. The crude product 
was purified by silica gel column (1% EA in hexane to 5% EA in hexane), product 2l 
was obtained.Yield: 2.35g 76% .
 1
H NMR (500 MHz, CDCl3) δ 8.15 (d, J = 2.6 Hz, 
1H), 3.96 (d, J = 1.8 Hz, 3H), 3.90 (d, J = 2.2 Hz, 3H), 2.37 (s, 3H).
 13
C NMR (126 












2m Compound 2j (6.18g, 20mmol) was added to a mixture ofl 1.25M 
LiOH (40m) and MeOH (40ml). This reaction mixture was stirred under room 
temperature for four days. 1M HCl (70ml) was added to the reaction mixture and 
most MeOH was removed under vacuum. The reaction mixture was extracted with 
EA (70ml×3). The combined organic layer was dried and concentrated. Compound 
2m was obtained. Yield: 4.93g 85%.
 1
H NMR (500 MHz, CDCl3) δ 8.22 (s, 1H), 6.69 
(b, 1H), 3.98 (s,3H), 2.50 (s, 3H).
 13
C NMR (126 MHz, CDCl3) δ 169.61, 150.15, 
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142.47, 141.12, 132.20, 130.25, 119.77, 64.23, 20.84 
 
 
For synthesis of diethyl 4-oxo-1,4-dihydropyridine-3,5-dicarboxylate,  see: 
Zheng, S. J.; Thompson, J. D.; Tontcheva, A.; Khan, S. I.; Rubin, Y. Org. Lett., 





1a A mixture of diethyl 1,3-acetonedicarboxylate (0.20mol, 40 
ml), triethyl orthoformate (0.40 mol, 60 ml)and urea (0.30 mol, 18.00 g) in 100 ml of 
xylene was heated to reflux for 4 hours. After all the urea was dissolved and light 
yellow precipitate formed, the formed ethanol was removed in vacuum, then the 
reaction mixture was allowed to reflux for another 1 hour. After cooling, the 
precipitate was filtered and washed with dichloromethane (3×50 ml), dried under 
vacuum to give the pure compound 1a. Yield: 35.85 g, 75%. 1H NMR (500 MHz, 
DMSO-d6) δ 11.18 (s, 1H), 8.19 (s, 2H), 4.18 (q J=7.3Hz, 4H), 1.25 (t, J=7.3Hz, 6H). 
 





1b Compound 1a (23.90 g, 100.00 mmol) was dissolved in DMF 
(250 ml) to which anhydrous K2CO3 (20.85 g, 150.00 mmol) and 1-bromo-octane 
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(20.56g, 188ml, 120.00 mmol) were added. The mixture was heated at 80℃ for 12 
hours. The reaction mixture was then filtered and the solvent was removed in vacuum. 
The residue was dissolved in CH2Cl2 (300 ml), washed with water (3 x 400 ml), 
and dried over anhydrous Na2SO4. Removal of CH2Cl2 in vacuo gave the crude 
product, which was subjected to column purification (MeOH/CH2Cl2=1/100) to 
yield the pure product 2a as a pale yellow oil. Yield: 28.43 g, 81%. 1H NMR 
(300 MHz, CDCl3) δ 7.97 (s, 2H), 4.27 (q, J = 7.1 Hz, 4H), 3.82 (t, J = 7.3 Hz, 
2H), 1.82-1.68 (m, 2H), 1.35-1.10 (m, 16H), 0.82 (t, J = 6.5 Hz, 3H). 13C NMR 
(75 MHz, CDCl3) δ 171.06, 164.64, 144.53, 122.82, 61.10, 57.81, 31.43, 30.40, 
28.78, 28.74, 25.88, 22.35, 14.08, 13.82. HRMS-ESI: calculated for [M+Na]+ 








1c Compound 1b (17.55 g, 50.00 mmol) was dissolved in ethanol 
(150 ml) to which 0.2M KOH (250 ml, 50.00 mmol) was added dropwise using a 
dropping funnel at room temperature. The mixture was allowed to stir at room 
temperature overnight. Then ethanol was removed in vacuo and the aqueous 
layer was neutralized by addition of 1M HCl (70 ml). The precipitate crude 
product was collected by filtration and dried in the oven, which was subjected to 
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column purification (MeOH/CH2Cl2=1/100) to yield the pure product 2b as a 
white solid. Yield: 6.62 g, 41%. 1H NMR (300 MHz, CDCl3) δ15.25 (s, 1H), 
8.54 (d, J = 2.4 Hz, 1H), 8.30 (d, J = 2.4 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 4.05 
(t, J = 7.4 Hz, 2H), 1.95 – 1.75 (m, 2H), 1.38 (t, J = 7.1 Hz, 3H)., 1.34 – 1.19 (m, 
10H), 0.85 (t, J = 6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 176.23, 165.60, 
163.01, 146.53, 145.66, 121.12, 119.43, 61.89, 59.01, 31.52, 30.68, 28.86, 28.80, 
25.96, 22.45, 14.19, 13.93. HRMS-ESI: calculated for [M+Na]+ (C17H25O5N1Na)： 










1d Compound 1c (6.46 g, 20.00 mmol) was dissolved in 
THF/DMF (50 ml/35 ml) with an installation of balloon on top of the round bottom 
flask. This solution was cooled to 0ºC using an ice bath. 4-methylmorpholin (2.40 ml, 
24.00 mmol) and ethyl chloroformate (2.40 ml, 24.00 mmol) was injected to the 
cooled solution. The mixture was allowed to stir for 25 minutes. Then sodium azide 
(1.95 g, 30.00 mmol) dissolved in minimal amount of water was injected into the 
cooled solution. 30 minutes later, THF was removed in vacuo at 28℃. The mixture 
was then dissolved in CH2Cl2 (180 ml), washed with water (3 x 300 ml) and dried 
over anhydrous Na2SO4. Then CH2Cl2 was removed in vacuo and the residue was 
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dissolved in toluene (110 ml), to which t-butanol (2.76 ml, 30.00 mmol) was added. 
The reaction was allowed to stir at 90℃ for 30 hours. Removal of toluene in vacuo 
gave the crude product, which was subjected to column purification 
(EA/n-hexane=1/3) to yield the pure product 2c as a white solid. Yield: 3.95 g, 50%. 
1H NMR (500 MHz, CDCl3) δ 8.29 (s, 1H), 8.07 (d, J = 2.3 Hz, 1H), 7.94 (s, 1H), 
4.36 (q, J = 7.1 Hz, 2H),3.84 (t, J = 7.4 Hz, 2H), 1.87 – 1.77 (m, 2H), 1.50 (s, 9H), 
1.38 (t, J = 7.1 Hz, 3H), 1.33 – 1.23 (m, 10H), 0.87 (t, J = 6.9 Hz, 3H). 13C NMR 
(125 MHz, CDCl3)δ 167.16, 165.28, 152.90, 141.59, 133.25, 123.01, 113.45, 81.01, 
60.98, 58.85,31.61, 30.63, 28.98, 28.93, 28.23, 26.15, 22.53, 14.33, 14.00. 











1e Compound 1d (3.15 g, 8.00 mmol) was dissolved in 
dioxane/H2O (40 ml/10 ml) to which 1.0 M NaOH (16.0 ml, 16.0 mmol) was added. 
The mixture was allowed to stir at room temperature for 10 hours. Then H2O (100 ml) 
was added to the solution, which was then neutralized by addition of 1M AcOH 
(20.00 ml).Dioxane was removed in vacuo and the crude product was dissolved in 
150 ml CH2Cl2, washed with water (3 x 200 ml) and dried over anhydrous Na2SO4 
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to give a pure product 2d as a brown solid. Yield: 2.69 g, 92%. 1H NMR (500 MHz, 
CDCl3) δ 14.94 (s, 1H), 8.56 (s, 1H), 8.32 (d, J = 2.2 Hz, 1H), 7.65 (s, 1H), 7.26 
191 (s, 1H), 3.97 (t, J = 7.4 Hz, 2H), 2.00 – 1.80 (m, 2H), 1.56 (s, 9H), 1.39 – 1.20 
(m, 10H), 0.88 (t, J = 6.9 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 169.77, 
166.30, 152.48, 140.42, 131.82, 125.70, 112.76, 81.91, 59.72, 31.59, 30.74, 
28.93, 28.88, 28.16, 26.12, 22.52, 13.99. HRMS-ESI: calculated for [M+Na]+ 














1g Compound 1d (1.97 g, 5.00 mmol) was 
dissolved in ethanol (70 ml), to which concentrated H2SO4 (5.0 ml) was slowly 
added to the solution. The reaction was allowed to stir at room temperature for 12 
hours. Then the reaction mixture was neutralized using saturated aquous solution of 
NaHCO3. The product was extracted with CH2Cl2 (4 x 60 ml). Combination of the 
organic layer and dried over anhydrous Na2SO4 to give the pure product 2e, which 
was directly used in the next step without further purification. Compound 2d (1.83 g, 
5.00 mmol), compound 1e (5.00 mmol), HBTU (2.13 g, 5.50 mmol) and Hobt (0.73 g, 
5.50 mmol) were dissolved in DMF (30 ml), to which DIEA (1.81 ml, 10.00 mmol) 
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was added to the solution. The reaction was allowed to stir at room temperature 
for 24 hours. Then DMF was removed in vacuo and the residue was dissolved in 
CH2Cl2 (200 ml), washed with water (3 x 300 ml) and dried over Na2SO4 to 
192 give the crude product, which was subjected to column purification 
(MeOH/CH2Cl2=1/100) to yield the pure product 2f as a colorless oil. Yield: 
2.76 g, 86%. 1H NMR (500 MHz, CDCl3) δ 12.90 (s, 1H), 8.85 (d, J = 2.3 Hz, 
1H), 8.33 (s, 1H), 8.25 (d, J = 2.2 Hz, 1H), 8.07 (d, J = 2.3 Hz, 1H), 8.03 (s, 1H), 
4.33 (q, J = 7.1 Hz, 2H), 3.89 (t, J = 7.3 Hz, 2H), 3.83 (t, J = 7.3 Hz, 2H), 1.85 – 
1.75 (m, 4H), 1.47 (d, J = 3.6 Hz, 11H), 1.35 (t, J = 7.1 Hz, 3H), 1.31 – 1.19 (m, 
20H), 0.83 (t, J = 6.8 Hz, 6H). 13C NMR (125 MHz, CDCl3) δ 167.92, 167.60, 
165.86, 163.22, 152.78, 142.28, 139.72, 133.68, 132.50, 126.05, 123.59, 114.82, 
114.61, 80.94, 60.82, 59.09, 58.51, 38.47, 31.52, 31.51, 30.57, 30.46, 28.87, 
28.84, 28.83, 28.12, 28.07, 26.07, 22.42, 14.28, 13.86. HRMS-ESI: calculated 















1h Compound 1g (2.99 g, 5.0 mmol) was dissolved in 
dioxane/H2O (60 ml/30 ml) to which 1.0M NaOH (7.5 ml, 7.5 mmol) was added. The 
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mixture was allowed to stir at room temperature for 6 hours. Then H2O (150 ml) was 
added to the solution, which was then neutralized by addition of 1M AcOH (10.0 ml). 
The white precipitated was collected by filtration and dried in the oven to give the 





























Compound 1g (1.20g, 2.0 mmol) was 
dissolved in ethanol (80ml), to which concentrated H2SO4 (5.0ml) was slowly added 
to the solution. The reaction was allowed to stir at room temperature for 12 hours. 
Then the reaction mixture was neutralized using saturated aqueous solution of 
NaHCO3. The product was extracted with CH2Cl2 (5 x 80 ml). Combination of the 
organic layer and dried over anhydrous Na2SO4 to give the pure product 1i, which 
was directly used in the next step without further purification. Compound 1h(1.14g, 
2.0mmol), compound 1i (2.2mmol), HBTU (849mg, 2.2mmol) and Hobt (293mg, 
2.2mmol) were dissolved in DMF (100ml), to which DIEA (0.72ml, 4.0mmol) was 
added to the solution. The reaction was allowed to stir at room temperature for 30 
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hours. Then DMF was removed in vacuo and the residue was dissolved in CH2Cl2 
(300ml), washed with H2O (3 x 400 ml) and dried over Na2SO4 to give the crude 
product, which was then recrystallized from methanol to give the pure product as a 
white solid. Yield: 1.49 g, 71%. 1H NMR (500 MHz, DMSO-d6/CDCl3=5/1) δ 12.79 
(s, 1H), 12.73 (s, 1H), 12.69 (s, 1H), 9.10 (s, 2H), 8.95 (s, 1H), 8.55-8.43 (m, 5H), 
8.31(s, 1H), 4.24 (dd, J = 14.0, 7.0 Hz, 2H), 4.16 (s, 6H), 4.04 (s, 2H), 1.83-1.74 
(m,8H), 1.51 (s, 9H), 1.35 – 1.17 (m, 43H), 0.84 (q, J = 6.7 Hz, 12H). 13C NMR 
(126 MHz, CDCl3) δ 167.99, 167.93, 167.93, 167.60, 166.51, 164.13, 164.13, 
162.57, 162.54, 162.46, 152.25, 142.36, 141.28, 141.21, 140.81, 132.46, 131.84, 
131.49, 127.16, 126.27, 125.23, 114.63, 114.49, 113.88, 113.71, 79.87, 59.52, 
57.74, 57.18, 31.10, 30.29, 30.14, 28.46, 28.41, 27.79, 25.45, 21.98, 14.20, 
13.76. HRMS-ESI: calculated for [M+Na]+ (C63H94O11N8Na)：m/z 1161.6934, 







1k Compound 1b (35.1g, 100mmol) was dissolved in methanol 
(400ml) to which 1M NaOH (400ml) was added. The reaction mixture was stirred 
under reflux overnight. After cooling, most methanol was removed by vacuum, 100ml 
6M HCl was added, stirred for 2h. The product was collected by filtration and washed 
with 500ml hexane, dried in oven.Yield:26.5g, 90% yield.
 1
H NMR (500 MHz, CDCl3) 
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δ 13.57 (s, 2H), 8.74 (s, 2H), 4.26 – 4.17 (m, 2H), 1.99 – 1.83 (m, 2H), 1.35 – 1.23 (m, 
10H), 0.84-0.86 (m, 3H).
 13
C NMR (126 MHz, CDCl3) δ 177.72, 163.81, 147.52, 








1l Compound 1k (29.5g, 100mmol) was added to DMF (160ml) 
to which NaH (4.4g, 110mmol) was added. This reaction mixture was stirred under 
room temperature overnight, MeI (28.2g, 200 mmol) was added, and stirred under 
room temperature for one day. After reaction was complete, the reaction mixture was 
poured into 300ml water, filtered. The solid was washed with 100ml water, then 
dissolved in 200ml CH2Cl2, dried over anhydrous sodium sulfate. 
Concentrated.Yield:26.7g, 90% yield. 
1
H NMR (500 MHz, CDCl3) δ 15.37 (s, 1H), 
8.57 (s, 1H), 8.35 (s, 1H), 4.06 (m, 2H), 3.92 (s, 3H), 1.87 (m, 2H), 1.28 (m 10H), 
0.85 (s, 3H).
 13
C NMR (126 MHz, CDCl3) δ 176.15, 165.55, 163.65, 147.46, 146.89, 















Compound 1l (3.09g, 10mmol) was dissolved in a mixture of 
dioxane (30ml),t-butanol (10ml) and triethyl amine (1.2g, 12mmol). Then DPPA (3g, 
11mmol) was added and heated to reflux for 2 days. After cooling, all the solvent was 
removed, the residue was purified by silica gel column (EA;Hexane=1:3) ,the crude 
product was recrystallized in hot hexane to afford pure product 1m. Yield: 2.63g 69% 
yield. 
1
H NMR (500 MHz, CDCl3) δ 8.31 (s, 1H), 8.10 (d, J = 2.3 Hz, 1H), 7.91 (s, 
1H), 3.89 (s, 3H), 3.84 (t, J = 7.4 Hz, 2H), 1.87 – 1.77 (m, 2H), 1.49 (s, 9H), 1.31 – 
1.19 (m, 10H), 0.86 (t, J = 6.8 Hz, 3H).
 13
C NMR (126 MHz, CDCl3) δ 167.07, 
165.91, 152.84, 141.79, 133.29, 129.68, 123.03, 113.03, 81.07, 58.88, 52.14, 31.59, 















1p  Compound 1m (1.9g, 5.00 mmol) was 
dissolved in ethanol (70 ml), to which concentrated H2SO4 (5.0 ml) was slowly 
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added to the solution. The reaction was allowed to stir at room temperature for 12 
hours. Then the reaction mixture was neutralized using saturated aquous solution of 
NaHCO3. The product was extracted with CH2Cl2 (4 x 60 ml). Combination of the 
organic layer and dried over anhydrous Na2SO4 to give the pure product 1o, which 
was directly used in the next step without further purification. Compound 1e (1.83 g, 
5.00 mmol), compound 1o (5.00 mmol), HBTU (2.13 g, 5.50 mmol) and Hobt (0.73 g, 
5.50 mmol) were dissolved in DMF (30 ml), to which DIEA (1.81 ml, 10.00 mmol) 
was added to the solution. The reaction was allowed to stir at room temperature 
for 24 hours. Then DMF was removed in vacuo and the residue was dissolved in 
CH2Cl2 (200 ml), washed with water (3 x 300 ml) and dried over Na2SO4 to 
192 give the crude product, which was subjected to column purification 
(MeOH/CH2Cl2=1/100) to yield the pure product 1p as a colorless oil.Yield: 2.73 g 87%.
1
H 
NMR (500 MHz, CDCl3) δ 12.93 (s, 1H), 8.88 (d, J = 2.3 Hz, 1H), 8.36 (s, 1H), 8.26 (d, J = 2.2 
Hz, 1H), 8.12 (d, J = 2.2 Hz, 1H), 8.03 (s, 1H), 3.92 – 3.83 (m, 7H), 1.82 (d, J = 3.0 Hz, 4H), 1.48 
(s, 9H), 1.31 – 1.20 (m, 20H), 0.84 (t, J = 6.9 Hz,6H). 
13
 CNMR δ C (126 MHz, CDCl3) 167.93, 
167.68, 166.33, 163.30, 152.80, 142.47, 139.75, 133.70, 132.49, 126.20, 123.66, 114.53, 114.30, 
81.04, 72.28, 61.66, 59.16, 58.65, 51.96, 38.51, 31.55, 31.54, 30.62, 30.51, 28.91, 28.89, 28.86, 

















1h  Compound 1p (6.28 g, 10.0 mmol) was dissolved 
in dioxane/H2O (120 ml/60 ml) to which 1.0M NaOH (15 ml, 15 mmol) was added. 
The mixture was allowed to stir at room temperature for 6 hours. Then H2O (150 ml) 
was added to the solution, which was then neutralized by addition of 1M AcOH (20.0 
ml). The white precipitated was collected by filtration and dried in the oven to give 
































Compound 1p (6.28g 10mmol) was 
dissolved in 100ml 4N HCl/dioxane solution. This reaction mixture was stirred at 
40
o
C overnight. After this reaction was complete, all the solvent was removed under 
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vacuum. The residue was dissolved in CH2Cl2 (150ml), washed with 100ml saturated 
NaHCO3 solution. The CH2Cl2 layer was dried over anhydrous sodium sulfate, 
concentrated, 4.75g product was obtained, 89%. Compound 1h(11.4g, 20.0mmol), 
compound 1i (22mmol), HBTU (8.49g, 22mmol) and Hobt (2.93g, 22mmol) were 
dissolved in DMF (200mL), to which DIEA (7.2mL, 4.0mmol) was added to the 
solution. This reaction mixture was stirred for 2 days, some white solid precipitated 
from this reaction mixture. The product was collected by filtration and washed with 
methanol (10ml), dried in oven. Yield:16.1g 71.9%.
1
H NMR (500 MHz, CDCl3) δ 
12.89 (s, 1H), 12.88 (s, 1H),12.84 (s, 1H), 9.06 – 8.97 (m, 2H), 8.91 (s, 1H), 8.44 (s, 
1H), 8.32 (s, 1H), 8.27 (d, J = 1.8 Hz, 1H), 8.12 (d, J = 1.9 Hz, 1H), 4.01 – 3.82 (m, 
11H), 1.84 (m, 8H), 1.52 (s, 9H), 1.37 – 1.14 (m, 40H), 0.85 (d, J = 3.9 Hz, 12H). 3C 
NMR (126 MHz, CDCl3) δ 168.80, 168.13, 167.59, 166.45, 163.68, 163.57, 163.50, 
153.25, 142.53, 140.55, 139.79, 133.76, 132.84, 132.74, 127.46, 127.30, 126.51, 
124.12, 115.77, 115.56, 114.51, 114.20, 80.83, 59.16, 59.10, 59.06, 58.68, 51.97, 









































Compound 1s (11.2g, 10mmol) was dissolved in 200ml HCl/dioxane solution, stirred 
under 50
o
C for two days. After the reaction was completed, all the solvent was 
removed under vacuum. The residue was dissolved in CH2Cl2 (200ml), washed with 
100ml saturated NaHCO3 solution, 100ml water and 100ml brine. The CH2Cl2 layer 






































    Compound 2m (870mg, 3mmol) was 
dissolved in 15ml SOCl2 and stirred under reflux for 5 h. All the solvent was removed 
under vacuum, crude compound 2n was obtained. Compound 2n was added in a 
mixture of compound 1t (2g, 2mmol), DIEA (400mg, 3mmol) in 30ml CH2Cl2. The 
reaction mixture was stirred at 40
o
C overnight. After reaction was complete, 100ml 
CH2Cl2 was added to the reaction mixture, the reaction mixture was washed with 
100ml 1N HCl, 100ml NaHCO3 solution, 100 ml water and 100ml brine. The organic 
layer was dried over anhydrous sodium sulfate, concentrated. The crude product was 
purified by silica gel column (CH2Cl2: MeOH=50:1), 1.45g product was obtained ,56% 
H NMR (500 MHz, CDCl3) δ 12.78 (s, 1H), 12.67 (s, 1H), 12.60 (s, 1H), 9.61 (s, 1H), 
8.96 (m, 3H), 8.84 (s, 1H), 8.37 (s, 1H), 8.27 (d, J = 14.5 Hz, 2H), 8.13 – 8.04 (m, 
2H), 4.13 – 3.72 (m, 14H), 2.42 (s, 3H), 1.82 (m, 8H), 1.22 (m, 40H), 0.83 (m, 12H). 
13
C NMR (126 MHz, CDCl3) δ 168.68, 168.52, 168.22, 167.37, 164.31, 163.36, 
150.33, 142.97, 142.46, 141.37, 140.62, 140.41, 135.30, 133.49, 132.49, 131.21, 
129.71, 127.32, 126.38, 119.37, 115.66, 113.92, 72.11, 64.04, 61.54, 60.58, 59.15, 
59.04, 58.63, 51.85, 34.62, 31.53, 30.67, 30.55, 29.54, 29.48, 28.89, 26.08, 22.43, 






































Compound 1u (1.3g, 1mmol) and Fe power 
(280mg, 5mmol) was added in a hot mixture of 20ml EtOH and 5ml AcOH. This 
reaction mixture was stirred under reflux overnight. After cooling to room 
temperature, 100ml water was added, extracted with CH2Cl2 (100ml × 3).The 
combined organic layer was dried over anhydrous sodium sulfate, concentrated. The 
crude product was dissolved in hot dioxane (120 ml) to which 1M NaOH (1.8 ml, 1.8 
mmol) was added. The mixture was heated under reflux for overnight and then 
quenched with water (100 ml). The aqueous layer was neutralized with 1M KHSO4 
(0.9 ml). Dioxane was then removed in vacuum and extracted with CH2Cl2 (120ml×3), 
dried over anhydrous sodium sulfate ,concentrate ,779mg (62%yield) product was 



































1W Compound 1v (625mg, 0.5mmol), BOP (448mg, 
1mmol) and DIEA (129mg, 1mmol) were dissolved in CH2Cl2 (20ml). This reaction 
mixture was stirred for 24h. After this reaction was complete, methanol 80ml was 
added to this reaction mixture. The crude product was collected by filtration and 
purified by silica gel column (CH2Cl2:MeOH=50:1), 401mg product was obtained , 
65% yield.
1
H NMR (500 MHz, DMSO) δ 12.45 (s, 1H), 12.44 (s, 1H), 12.38 (s, 1H), 
12.19 (s, 1H), 10.21(s, 1H),8.45 – 8.22 (m, 4H), 8.02 – 7.81 (m, 4H), 7.73 (s, 1H), 
4.07 – 3.89 (m, 6H), 3.83 (m, 2H), 3.75 (s, 3H), 2.23 (s, 3H), 2.00 – 1.85 (m, 6H), 
1.77 (m, 2H), 1.39 (m, 40H), 0.95 (m,12H).
 13
C NMR (126 MHz, CDCl3) δ 167.99, 
161.92, 161.71, 161.46, 147.56, 140.26, 139.96, 133.49, 131.97, 131.12, 126.30, 
125.80, 125.17, 122.40, 114.74, 63.88, 58.69, 41.09, 40.92, 40.75, 40.59, 40.42, 40.25, 
40.09, 31.72, 30.48, 30.43, 30.27, 29.16, 29.12, 29.11, 29.02, 28.99, 28.97, 26.41, 
26.37, 26.26, 22.44, 21.47, 14.01, 13.99. HRMS-Maldi-tof: calculated for [M+K]
+
 








4d Compound 4c (4.62 g, 30.0 mmol) was dissolved in MeOH (60 ml), to 
which concentrated H2SO4 (5 ml) was added. The mixture was heated under reflux for 
48 hours. The solvent was then removed in vacuo and the residue was dissolved in 
CH2Cl2 (100 ml), washed with water (2 x 50 ml) and dried over anhydrous Na2SO4. 
Removal of CH2Cl2 gave the pure product 2 as a light brown solid. Yield: 4.89 g, 97%. 
1
H NMR (300 MHz, CDCl3) δ 10.33 (s, 1H), 7.28 (d, 1H, J = 3.1), 7.01 (d, 1H, J = 
8.9), 6.88 (d, 1H, J = 8.9), 4.76 (s, 1H), 3.93 (s, 3H). 
13
C NMR (300 MHz, CDCl3) δ 
170.89, 156.12, 148.52, 124.85, 119.09, 115.55, 112.87, 53.08. 
 




4e  Compound 4d (1.34 g, 8.0 mmol) was dissolved in acetone (30 ml), 
to which anhydrous K2CO3 (2.00 g, 14.5 mmol) and 1-bromooctane (1.38ml, 8.0 
mmol) was added. The mixture was heated under reflux for 48 hours. The reaction 
mixture was then filtered and the solvent was removed in vacuo. The concentrate was 
dissolved in CH2Cl2 (100 ml), washed with water (2 x 50 ml) and dried over 
anhydrous Na2SO4. Removal of CH2Cl2 gave the crude product, which was 





H NMR (300 MHz, CDCl3) δ 10.35 (s, 1H), 7.29 (d, 1H, J = 3.1), 7.08 (d, 1H, 
J = 9.0), 6.90 (d, 1H, J = 9.0), 3.95 (s, 3H), 3.88 (m, 2H), 1.76 (m, 2H), 1.42 (m, 2H), 
1.25 (m, 8H), 0.89 (m, 3H). 
13
C NMR (300 MHz, CDCl3) δ 171.02, 156.63, 152.24, 
125.25, 119.10, 113.57, 112.53, 69.51, 52.92, 32.49, 30.03, 29.97, 29.91, 26.71, 23.33, 
14.76. 
 






4f  Compound 4e (0.28 g, 1.0 mmol) and Montmorillonite K10 
(0.50 g) were added to a suspension of bismuth nitrate (0.39 g, 1.0 mmol) in THF (10 
ml). The mixture was stirred at room temperature for 1 h. Solvent was then removed 
in vacuo and the residue was dissolved in CH2Cl2 and filtered. The filtrate was 
washed with water (2 x 50 ml) and dried over anhydrous Na2SO4. Removal of CH2Cl2 
gave the crude product, which was recrystallized from MeOH to give pure product 4 
as a yellow solid. Yield: 0.19 g, 58%. 
1
H NMR (300 MHz, CDCl3) δ 11.44 (s, 1H), 
7.72 (d, 1H, J = 3.3), 7.69 (d, 1H, J = 3.1), 4.00 (s, 3H), 3.96 (m, 2H), 1.79 (m, 2H), 
1.31 (m, 2H), 1.29 (m, 8H), 0.89 (m, 3H). 
13
C NMR (300 MHz, CDCl3) δ 169.30, 
150.90, 150.33, 138.19, 122.97, 117.68, 116.85, 69.95, 53.73, 32.40, 29.88, 29.81, 









4g Compound 4 (3.25 g, 10.0 mmol) was dissolved in DMF (30 ml), 
to which anhydrous K2CO3 (4.00 g, 25.0 mmol) and iodomethane (0.75 ml, 12.0 
mmol) was added. The mixture was heated at 60℃ for 4 h and then the solid was 
filtered off. The solvent was removed in vacuo and the concentrate was dissolved in 
CH2Cl2 (100 ml), washed with water (2 x 50 ml) and dried over anhydrous Na2SO4. 
Removal of CH2Cl2 gave the crude product. Through column purification (ethyl 
acetate: hexane=20:1) product was obtained as yellow liquid (2.44g, 72%). 
1
H NMR 
(300 MHz, CDCl3) δ 7.52 (d, 1H, J = 3.3), 7.40 (d, 1H, J = 3.1), 3.93 (m, 2H), 3.92 (s, 
3H), 3.61 (s, 3H), 1.77 (m, 2H), 1.43 (m, 2H), 1.27 (m, 8H), 0.86 (m, 3H). 
13
C NMR 
(300 MHz, CDCl3) δ 166.09, 150.52, 149.97, 134.44, 121.35, 115.16, 114.63, 68.91, 
54.81, 51.57, 31.81, 29.64, 29.37, 28.95, 25.96, 22.83, 14.06. 
 




4h Compound 4g (2.80g, 8.3 mmol) was dissolved in hot MeOH (30 
ml), to which 1M NaOH (17 ml, 17 mmol) was added. The mixture was heated under 
reflux for 1 h and then quenched with water (100 ml). The aqueous layer was 
neutralized by addition of 1M HCl (25 ml). The precipitated crude product was 
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collected by filtration, which was recrystallized from MeOH to give a yellow solid. 
Yield: 2.59 g, 96%. 
1
H NMR (300 MHz, CDCl3) δ 13.67 (s, 1H), 7.65 (d, 1H, J = 3.2), 
7.53 (d, 1H, J = 3.1), 3.92 (m, 2H), 3.59 (s, 3H), 1.70 (m, 2H), 1.40 (m, 2H), 1.19 (m, 







4k Compound 4h (3.25g, 10mmol) was dissolved in dioxane (40ml) 
and t-butanol (12ml) and triethyl amine (1.5g, 15mmol). Then DPPA (3g,11mmol) 
was added and heated to reflux for 2 days. After cooling, all the solvent was removed, 
the residue was purified by silica gel column (EA;Hexane=1:10) ,the product was 
recrystallized in hot hexane to afford 2.8g  pure product 4j ,71% yield.  
 
       Compound 4j (3.96g, 10mmol) was dissolved in 100ml dioxane/HCl solution, 
stirred under room temperature for 24h. After the reaction was complete, all the 
solvent was removed under vacuum, the residue was dissolved in 120ml CH2Cl2, 
washed with 60ml saturated NaHCO3 solution, 50ml brine. The organic layer was 








4l Compound 4k (2.96g, 10mmol) and Fe power (2.24g,40mmol) were 
added in a mixture of 50ml EtOH and 10ml AcOH. The reaction mixture was heated 
under reflux for 3h. After cooling to room temperature, 200ml CH2Cl2 was added to 
the reaction mixture. This mixture was washed with 200ml water , the aqueous layer 
was extracted with CH2Cl2 (120ml×2). The combined CH2Cl2 layer was dried, 
concentrated. 2.55g product was obtained, 96%.
1
H NMR (500 MHz, CDCl3) δ 8.07 (s, 
1H), 7.94 (b, 2H), 7.04 (s, 1H), 3.92 (t, J = 6.4 Hz, 2H), 3.83 (s, 3H), 1.74 (dd, J = 
13.5, 6.9 Hz, 2H), 1.46 – 1.21 (m, 10H), 0.88 (t, J = 6.8 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 155.23, 142.88, 136.49, 134.42, 111.65, 104.05, 68.90, 62.54, 31.77, 29.27, 






5b Compound 5a, 4-bromophenol (17.3g, 100mmol) was added in 200ml 
CH2Cl2, H2SO4 (13.4ml, 240mmol) and HNO3 (7.8ml, 120mmol) were added slowly 
in a ice-bath. This reaction mixture was stirred overnight under room temperature. 
200ml CH2Cl2 and 300ml water were added to the reaction mixture, the CH2Cl2 layer 
was collect and dried, concentrated. 18.4g product was obtained, 84.4%.
1
H NMR 













6a Compound 5b (2.18g 10mmol), TsO(CH2CH2O)3 (2.76g,12mmol) 
and K2CO3 (2.07g,15mmol) were added in DMF 50ml. This reaction mixture was 
stirred under 80
o
C overnight. After cooling to room temperature , most DMF was 
removed by vacuum, the residue was dissolved in CH2Cl2 100ml ,washed with water 
(100ml ×2). The organic layer was dried, concentrated.3.27g product was obtained 
as a colorless oil, 90%.
1
H NMR (500 MHz, CDCl3) δ 7.90 (d, J = 2.3 Hz, 1H), 7.57 
(dd, J = 8.9, 2.3 Hz, 1H), 7.01 (d, J = 8.9 Hz, 1H), 4.25 – 4.18 (m, 2H), 3.89 – 3.82 
(m, 2H), 3.69 (dd, J = 5.9, 3.3 Hz, 2H), 3.65 – 3.56 (m, 4H), 3.50 (dd, J = 5.5, 3.7 Hz, 
2H), 3.33 (s, 3H).
 13
C NMR (126 MHz, CDCl3) δ 151.37, 140.26, 136.62, 127.99, 






6b Compound 6a (3.64g,10mmol)  and Fe power (2.24g,40mmol) 
  
106 
were added in a mixture of 50ml EtOH and 10ml AcOH. The reaction mixture was 
heated under reflux for 4h. After cooling to room temperature, 150ml CH2Cl2 was 
added to the reaction mixture. This mixture was washed with 150ml water, the 
aqueous layer was extracted with CH2Cl2 (100ml×2). The combined CH2Cl2 layer was 















OC8H176d Compound 6b (3.04g ,10mmol) in 20ml 
CH2Cl2 was added portion-wise to a solution of oxalyl chloride (7.62g,60mmol) in 
100ml CH2Cl2 under 0
o
C. This reaction was stirred under vacuum at room temperature 
for 2 h (vacuum was applied to remove HCl gas). After this reaction was complete, all 
the solvent was removed by high vacuum, the residue was crude compound 6c which 
can be used directly for the next steps. The above 6c in 30ml CH2Cl2 was added 
dropwise to a solution of compound 4l ( 3.72g,14mmol) and DIEA (1.95g, 15mmol) 
in 100ml CH2Cl2. This reaction was stirred under room temperature overnight. After 
reaction was complete, 100ml CH2Cl2 was added to the reaction mixture. The reaction 
mixture was washed with 100ml NaHCO3, 100ml brine, dried over anhydrous sodium 
sulfate, concentrated. The crude product was purified by silica gel 
( Hexane :EA=10:1), 3.75g product was obtained, 56%. 
1
H NMR (500 MHz, CDCl3) 
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δ 9.93 (s, 1H), 9.76 (s, 1H), 8.59 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 2.3 Hz, 1H), 7.23 – 
7.19 (m, 1H), 6.84 (d, J = 8.7 Hz, 1H), 6.17 (d, J = 2.3 Hz, 1H), 4.29 – 4.16 (m, 2H), 
3.95 – 3.85 (m, 4H), 3.82 – 3.74 (m, 5H), 3.70 (dd, J = 5.8, 3.6 Hz, 2H), 3.64 (dd, J = 
5.6, 3.7 Hz, 2H), 3.53 (dd, J = 5.6, 3.7 Hz, 2H), 3.34 (s, 3H), 1.78 – 1.68 (m, 2H), 
1.48 – 1.38 (m, 2H), 1.37 – 1.22 (m, 8H), 0.88 (t, J = 6.9 Hz, 3H). 13C NMR (126 
MHz, CDCl3) δ 157.46, 156.87, 156.26, 147.17, 139.24, 131.22, 130.35, 127.78, 
127.69, 122.51, 113.66, 113.57, 99.48, 96.53, 71.85, 71.02, 70.64, 70.47, 69.41, 69.08, 


















7c Compound 6d (3.35g, 5mmol), Bis 
(pinacolato)diboron (2.28g, 9mmol), KOAc (2g,20mmol) and Pd(dppf)Cl2 
(183mg,0.25mmol) were added to anhydrous DMSO (30ml). This reaction was degas 
under Argon atmosphere for 20 min, stirred overnight under Argon atmosphere at 
80
o
C. After cooling, 150ml water was added to the reaction mixture, extracted with 
CH2Cl2 (100ml×3). The CH2Cl2 layer was dried over anhydrous sodium sulfate, 
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concentrated. The crude product was purified by silica gel column ( Hexane:EA=5:1), 
1.82g product was obtained,52% yield.
1
H NMR (500 MHz, CDCl3) δ 9.92 (s, 1H), 
9.82 (s, 1H), 8.76 (s, 1H), 7.57 (d, J = 8.1 Hz, 1H), 7.42 (d, J = 2.6 Hz, 1H), 6.94 (d, J 
= 8.2 Hz, 1H), 6.13 (d, J = 2.6 Hz, 1H), 4.26 (t, J = 4.8 Hz, 2H), 3.93 – 3.91 (m, 2H), 
3.88 (t, J = 6.5 Hz, 2H), 3.77 (m, 5H), 3.70 – 3.66 (m, 2H), 3.66 – 3.60 (m, 2H), 3.54 
– 3.45 (m, 2H), 3.33 (s, 3H), 1.77 – 1.68 (m, 2H), 1.41 (dd, J = 15.8, 8.2 Hz, 2H), 
1.32 (s, 12H), 1.29 – 1.20 (m, 8H), 0.87 (t, J = 6.6 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 157.32, 157.19, 156.16, 150.50, 139.77, 132.42, 131.02, 130.38, 125.83, 
111.10, 99.08, 96.04, 83.64, 71.78, 70.98, 70.57, 70.39, 69.34, 68.48, 68.10, 59.97, 







8b Compound 8a (19.7g, 100mmol) was dissolved to a mixture of 
100ml concentrated H2SO4 and 75ml TFA .NBS (21.4g 120mmol) was added to 
above reaction mixture and stirred under room temperature for 60 minutes. After 
reaction was complete, the reaction mixture was pour into water (1000ml). The 
precipitate was collected by filtration and dried in oven to give pure 8b 26.5g, 97%.
1
H 
NMR (500 MHz, CDCl3) δ 11.90 (s, 1H), 8.26 (d, J = 2.5 Hz, 1H), 8.23 (d, J = 2.5 Hz, 
1H), 4.03 (s, 3H).
 13
C NMR (126 MHz, CDCl3) δ 168.13, 154.57, 138.49, 138.07, 
  
109 







8c Compound 8b (27.40 g, 100.00 mmol) was dissolved in DMF 
(250 ml) to which anhydrous K2CO3 (20.85 g, 150.00 mmol) and 1-bromo-octane 
(20.56g, 188ml, 120.00 mmol) were added. The mixture was heated at 80℃ for 12 
hours. The reaction mixture was then filtered and the solvent was removed in vacuum. 
The residue was dissolved in CH2Cl2 (300 ml), washed with water (3 x 400 ml), 
and dried over anhydrous Na2SO4. Removal of CH2Cl2 in vacuo gave the crude 
product, which was subjected to column purification (Hexane:EA=5:1), 35.7g product 
was obtained, 92%.
1
H NMR (500 MHz, CDCl3) δ 8.07 (d, J = 2.6 Hz, 1H), 7.97 (d, J 
= 2.6 Hz, 1H), 4.03 (t, J = 6.6 Hz, 2H), 3.92 (s, 3H), 1.79 – 1.68 (m, 2H), 1.42 – 1.34 
(m, 2H), 1.34 – 1.17 (m, 8H), 0.85 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 
163.61, 151.33, 145.92, 137.92, 130.79, 128.98, 115.26, 77.69, 52.84, 31.69, 29.74, 










8d Compound 8c (3.88g, 10 mmol) was dissolved in hot MeOH (30 
ml), to which 1M NaOH (20 ml, 20 mmol) was added. The mixture was heated under 
reflux for 1 h and then quenched with water (100 ml). The aqueous layer was 
neutralized by addition of 1M HCl (30 ml). The precipitated crude product was 
collected by filtration, which was recrystallized from MeOH to give a yellow solid. 






7p Compound 8d (3.74g, 10mmol) was dissolved in dioxane (30ml) 
and t-butanol (10ml) and triethyl amine (1.2g, 12mmol). Then DPPA (3g, 11mmol) 
was added and heated to reflux for 2 days. After cooling, all the solvent was removed, 
the residue was purified by silica gel column (EA;Hexane=1:5) ,the product was 












Compound 7p (4.45g, 10mmol) and Fe power (2.24g,40mmol) 
were added in a mixture of 70ml EtOH and 10ml AcOH. The reaction mixture was 
heated under reflux for 3h. After cooling to room temperature, 200ml CH2Cl2 was 
added to the reaction mixture. This mixture was washed with 200ml water , the 
aqueous layer was extracted with CH2Cl2 (120ml×2). The combined CH2Cl2 layer was 








7j Compound 7r (4.15g, 10mmol), Bis (pinacolato)diboron (4.56g, 
18mmol), KOAc (4g,40mmol) and Pd(dppf)Cl2 (366mg,0.5mmol) were added to 
anhydrous DMSO (50ml). This reaction was degassing under Argon atmosphere for 
30 min, stirred overnight under Argon atmosphere at 80
o
C. After cooling, 150ml 
water was added to the reaction mixture, extracted with CH2Cl2 (200ml×3). The 
CH2Cl2 layer was dried over anhydrous sodium sulfate, concentrated. The crude 
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Compound 1w (247mg, 0.2mmol), compound 7r 
(184.8mg,0.4mmol) were added to a mixture of 10ml dioxane and 10ml 2M sodium 
carbonate solution. This mixture was degassing under Argon for 20 minutes, 
Pd(PPh3)4  (11.5mg, 0.01mmol) was added. This reaction mixture was stirred under 
reflux and Argon atmosphere overnight. After cooling, 100ml CH2Cl2 and 50 ml water 
was added, the aqueous layer was extracted with CH2Cl2 (50ml×3). The combined 
CH2Cl2 layer was dried over anhydrous sodium sulfate, concentrated. The crude 
product was purified by silica gel column (CH2Cl2:MeOH=50:1) , 130mg product was 
obtained, 44 % yield. 
1
H NMR (500 MHz, DMSO) δ 13.1-12.4 (m, 4H), 10.50 (s, 1H), 
8.55 (m, 3H), 8.34 (d, J = 54.4 Hz, 1H), 8.13 (m,4H), 7.68 (d, J = 12.1 Hz,1H), 7.41 
(s, 1H), 7.20 (s, 1H), 6.58 (s, 1H), 4.2-3.7 (m,13H), 2.52 (s, 3H), 2.22 (m, 2H), 1.89 
(m, 8H), 1.65 (d, J = 78.8 Hz, 9H), 1.50 – 1.23 (m, 40H), 0.91 (m, 15H). 
HRMS-Maldi-tof: calculated for [M-C4H9+K]
+



































 Compound 7o (149mg 0.1mmol) was 
dissolved in 10ml 4N HCl/dioxane solution. This reaction mixture was stirred at 40
o
C 
overnight. After this reaction was complete, all the solvent was removed under 
vacuum. The residue was dissolved in CH2Cl2 (30ml), washed with 10ml saturated 
NaHCO3 solution. The CH2Cl2 layer was dried over anhydrous sodium sulfate, 








































7d  Compound 1w (741mg, 0.6mmol), 
  
114 
compound 7c (630mg,0.9mmol) were added to a mixture of 30ml dioxane and 30ml 
2M sodium carbonate solution. This mixture was degassing under Argon for 20 
minutes, Pd(PPh3)4  (34mg, 0.03mmol) was added. This reaction mixture was stirred 
under reflux and Argon atmosphere overnight. After cooling, 150ml CH2Cl2 and 70 ml 
water was added, the aqueous layer was extracted with CH2Cl2 (50ml×3). The 
combined CH2Cl2 layer was dried over anhydrous sodium sulfate, concentrated. The 
crude product was purified by silica gel column (CH2Cl2:MeOH=100:1 to 25:1) , 
477mg product was obtained, 46% yield. 
1
H NMR (500 MHz, DMSO) δ 12.95 (s, 1H), 
12.80 (s, 1H), 12.68 (s, 1H), 12.55(s, 1H),10.60 (s, 1H), 10.12 (s, 1H), 9.82 (s, 1H), 
8.60 (m, 4H), 8.24 (m, 6H), 7.65 (s, 1H), 7.27 (m, 2H), 7.17 – 6.87 (m, 1H), 4.45 – 
3.49 (m, 31H), 2.52 (s, 3H), 2.27 (d, J = 99.2 Hz,2H), 2.04 – 1.68 (m,8H), 1.51-1.01 
(m, 50H), 0.92 (m, 15H). HRMS-Maldi-tof: calculated for [M+K]
+
 (C95H132N12O18K) : 

























































































































C273H371N35O51 Exact mass 4955.751
 
Compound 7d (259mg, 0.15mmol) in 5ml CH2Cl2 was added portion-wise to a 
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solution of oxalyl chloride (192mg,1.5mmol) in 20ml CH2Cl2 under 0
o
C. This reaction 
was stirred under vacuum at room temperature for 2 h (vacuum was applied to remove 
HCl gas). After this reaction was complete, all the solvent was removed by high 
vacuum, the residue was crude chloride (compound 8g). This crude chloride 8g was 
recrystallized in hot anhydrous hexane to remove the remaining oxalyl chloride. The 
above compound 8g in 5ml anhydrous chloroform was added dropwise to a solution 
of compound 8f ( 62.5mg,0.45mmol) and DIEA (26mg, 0.2mmol) in 10ml anhydrous 
chloroform. This reaction was stirred under reflux overnight. After reaction was 
complete, 20ml CH2Cl2 was added to the reaction mixture. The reaction mixture was 
washed with 20ml brine, dried over anhydrous sodium sulfate, concentrated. The 
crude product was purified by silica gel (CH2Cl2:MeOH=20:1), and further purified by 
preparative TLC plate ,47mg product was obtained,21% yield. 
1
H NMR (500 MHz, 
DMSO) δ 13.4-12.8 (m, 9H), 12.46 – 11.75 (m, 3H), 10.52 (s, 3H), 9.87 (m, 8H), 
9.0-8.65 (m, 8H), 8.6-8.2 (m, 14H), 8.05 – 7.91 (m, 2H), 7.75-7.55 (m, 6H), 7.35-7.05 
(m, 9H), 4.45-4.25 (m, 7H), 4.25-4.0 (m,20H), 3.99 – 3.87 (m,10H), 3.66-3.48 (m, 
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Artificial liposomes are made up of phospholipids similar to those found in 
biomembranes
1
. The major component is phosphatidyl choline in most cases. 
Depending on the chemical composition and processing conditions, liposomes are 





   Figure 3.1 Scheme of a liposome formed by phospholipids in an aqueous solution 
 
There are 4 kinds LUVs that differ by lamellae and size: multivesicular vesicles 
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(MVVs), Small unilamellar vesicles (SUVs), large unilamellar vesicles (LUVs) and 
large multilamellar vesicles (MLVs). SUV shows a diameter of 20 to 100 nm. LUVs, 
MLVs, and MVVs range in size from a few hundred nanometers to a few microns.
3
 
Figure 3.2 Schematic illustrations of liposomes with different size and number of 
lamellae.  
 
Liposomes are formed when thin lipid films are hydrated and stacks of liquid 
crystalline bilayers become swollen and fluid. Upon agitation, the hydrated lipid 
sheets self-close to form MLVs which prevent interaction of water with the 
hydrocarbon core solution. Once these particles form, reducing the size of the particle 






Figure 3.3 Mechanism of vesicle formation 
A typical three steps liposome preparation includes 1) preparation of lipid for 
hydration, 2) hydration of lipid film/cake, and 3) sizing of lipid suspension. 
 
 




For instance, the lipid molecules were dissolved in some organic solvents such as 
chloroform, and the solvent was then removed under vacuum to yield a dried lipid 
cake. This lipid cake was re-hydrated in a buffer solution under desired temperatures 
to produce a MLV solution. 
Extrusion is a technique in which a MLV suspension is forced through a filter with a 
defined pore size to yield particles having a diameter close to the pore size of the filter 












        
 Figure 3.5 Changes in vesicle diameter after extrusion 
Kimoon Kim group synthesized artificial ion channels formed by cucurbit[n]uril 







     Figure 3.6, Artificial ion channel CB[6] and CB[5]  
 
LUV was made from egg yolk phosphatidylcholine (EYPC), cholesterol and dicetyl 
phosphate
6
. .A sudden pH change of the extravesicular solution by adding HCl 
solution caused no change in fluorescence intensity of a hydrophilic and pH-sensitive 
fluorescent dye, pyranine, 8-hydroxypyrene-1, 3, 6-trisulfonate trisodium salt (HPTS), 
for the vesicles without CB[6], but resulted in immediate quenching of the 
fluorescence for the vesicles with CB[6] (Figure3.7). On the other hand, this 
fluorescence change also proved the transport of proton when CB[6] is present 
 
Figure 3.7 Changes in fluorescence intensity as a function of time for the 
vesicles with CB[6] (red line)  
 
Unlike the fluorescence attentuating process, alkali metal ion transport was a 
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Figure 3.8 Changes in the fluorescence intensity ratio (I460/I403) as a function 
of time for EYPC vesicles. Alkali metal ion transport in the presence of 




After NaOH solution was added, there was a fluorescence increase which could prove 
the alkali metal ion transport. This type of measurement can be applied to our 












3.1.2 Aim of this study 
In this chapter, method of LUV preparation will be introduced along with its 

























































































































C273H371N35O51 Exact mass 4955.751
 
 









3.2 Results and Discussion  
 
3.2.1 Proton transport experiments  
 
3.2.1.1 Preparation of LUV 
 Based on the above reference
5, 6
, the preparation of LUVs for proton transport is 
outlined below: 
1 EYPC (1.24 ml, 25 mg/ml), cholesterol (2.0mL at 1.0mg/mL) and sodium dicetyl 
phosphate (1.0ml at 1.5mg/ml) stock solutions were mixed in a 100 ml 
round-bottomed flask and the chloroform was evaporated under a reduced pressure.  
 
2 The remaining thin film of lipid mixture was dried in high vacuum for 3h. 
Dispersion of the thin film in the PBS buffer solution resulted in the formation of 
vesicles. Typically, PBS buffer (2.0 ml, pH = 7.4) contained 1.0 × 10
-4 
M of 
HPTS .Dispersion was carried out at 60 
o
C for 2h. 
 
3 The milky suspension was incubated at −196 °C using liquid nitrogen for 5 mins, and 
then warmed up to 40
o
C in a water bath. This operation was repeated 7 times. 
 
4 The milky suspension was extruded for 20 times by using an extruder. 
 
5 The suspension was placed in a dialysis tubing which has a molecular 
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weight cut-off (MWCO) of 3500 against 600ml phosphate buffer solution for 4-8 h 
three times. 
 
6 The milky suspension of vesicles was passed through a Sephadex® G-50 column to 
remove unentrapped HPTS. 
 
7 Fill a small column with 2-4 ml G50 gel and equilibrate it with PBS buffer. After 
that add the milky suspension (around 2 ml) and collect the flow through from the 
bottom, then add additional 6-8 ml PBS buffer from the top of the column and again 









As demonstrated in figure 3.10, the obtained LUV solution was a pale green 
suspension after the unentrapped HPTS was removed by extrusion, dialysis and 




      Figure 3.11 Image of a LUV suspension under microscope 
 
A microscope was used in order to attain a general idea about how the LUV vesicles 
look like. The image in Figure 3.11 shows that the LUVs are very small vesicle with 
an average diameter of about 230 nm. This value is consistent with dynamic light 
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 Figure 3.12 DLS test results of the size distributions of LUVs,  
 average diameter=230nm 
 
 
3.1.1.2 Proton transport tests 
The vesicle solution (0.1 ml) and PBS buffer (2 ml, pH = 5.5) was mixed in a 
fluorescence cuvette. The emission of HPTS at 510 nm was monitored with an 
excitation wavelength at 460 nm. Channel molecule 8k in DMSO was added at 1min 
with general stirring. After the measurements were completed, 5 % Triton X-100  
(50 μl) was added to lyse the vesicles for 20 minutes.  
   The proton transport tests were carried out using fluorescence spectroscopy with 
an excitation wavelength of 460 nm. The emitted light at 510 nm was measured to 
screen the best conditions of concentrations for the experiments. It was found that 
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0.1mmol/L and 0.08ml of compound 8k was the best for the experiment. We then 
tested four conditions: DMSO blank, cyclic pentamer (compound 1w), gramicidin and 































Figure 3.13 Fluorescence results of DMSO blank, gramicidin, cyclic pentamer  
and channel molecule 8k. 
          Blue line= DMSO blank   Red line= Cyclic pentamer (compound 1w) 
          Yellow line= Ion channel molecule (compound 8k) 




From Figure 3.13, there was no obvious difference between cyclic pentamer and 
DMSO blank. This could prove that cyclic pentamer does not have proton transport 
function. 
Our ion channel molecule had a transporting curve similar to gramicidin, a 




To further confirm the ability of molecule 8k to transport proton, we premixed 
channel molecule 8k with lipid monomers in 1:100 ratio to prepare LUVs containing 
channel molecules, and then repeated the fluorescence experiment. From figure 3.14, 
we could see there was obvious difference between compound 8k and the blank. And 



























Figure 3.14 Fluorescence results of channel molecule premixed LUV 
 
From Figure 3.14, we could see an obvious difference between compound 8k and 
blank. And these results showed the proton transport was a very fast process. 
 
3.2.2 Alkali metal ion transport experiments 
3.2.2.1 Preparation of LUV for alkali metal ion transport 
  The LUV for alkali ion was different from that for proton. The detailed procedure is 
showed below:  
EYPC (0.62 ml) in chloroform (100 mg/ml) was added in a 100ml round-bottomed 
flask and the chloroform was evaporated under a reduced pressure.  
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The remaining thin film of lipid mixture was dried in high vacuum for 3hours. 
Dispersion of the thin film in the PBS buffer solution resulted in the formation of 
vesicles. PBS buffer (2.0 ml, pH = 6.4, 100 mM NaCl, 10 mM phosphate) contained 
1.0 × 10
-4 
M of HPTS .Dispersion was carried out at 40 
o
C for 2h. 
The milky suspension incubated at −196 °C using liquid nitrogen for 5 minutes, and 
then warmed up to 40
o 
C in a water bath. This operation was repeated 7 times. 
The milky suspension was extruded for 20 times by using an extruder. 
The suspension was placed in a dialysis tubing which has a molecular weight cut-off 
(MWCO) of 3500 against 600 ml phosphate buffer solution for 4-8 h three times. 
The milky suspension of vesicles was passed through a Sephadex® G-50 column to 
remove unentrapped HPTS. Fill a small column with 2-4 ml G50 gel and equilibrate it 
with PBS buffer. After that add the milky suspension (around 2ml) and collect the 
flow through from the bottom, then add additional 6-8 ml PBS buffer from the top of 
the column and again collect flow through. So the total volume will be around 10 ml. 
3.2.2.2 Alkali metal ion transport tests 
The procedure is showed below: 
Vesicle stock solution (100 μL, 100 mM NaCl, 10 mM sodium phosphate, pH = 6.4) 
containing pyranine dye (1.0 × 10
-4











) phosphate buffer solution (2ml, 10 mM, sodium phosphate, pH = 7.4) in 
a fluorescence cuvette. To the resulting solution (0.04 ml), 0.2 M channel molecule in 
DMSO was added with stirring. 
The emission of HPTS at 510 nm was monitored with an excitation wavelength at  
460 nm (Shimadzu RF-5301PC). Correction should be done because compound 8k 
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would partially precipitate to reduce the fluorescence value. 
      



















Figure 3.16 Fluorescence results of alkali metal ion transport 
 
From Figure 3.16 and by comparing with the blank, we could see the transport 













Figure 3.17 Radiuses of alkali ions and our cyclic pentamer  
 









permeate the membrane via channel molecule 8k. Cs
+
 could not pass through the 
channel molecular cavity, the fluorescence difference between the channel and 
DMSO blank in the Cs transport was due to the presence of sodium phosphate. The 
sodium ions passed through the LUVs when pH was changed. 
 
 
3.3 Conclusion and Future Work 
In summary, we have shown that the novel synthetic ion channel (compound 8k) can 
transport proton and alkali metal ions across a lipid membrane but with ion selectivity. 
The transport of proton was a very fast process and the transport activity of compound 











To further fine-tune the ion transport selectivites, channel molecules built from hybrid 
pentamers of different types shown in Figure 3.18 will be needed. Replacment of the 
interior OMe group with such as OH, OBn, OEt and F groups may lead to the 
channels having different cavity size and ion-binding affinities/selectivities so that 
























































































































10c R1=OH  R2=H
10d R1=F    R2=H
10e R1=OMe R2=amoni acid
R2 R2
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CNMR Spectra of Major Compound in 
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